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Section 1
Introduction

In accordance with the soil preparation plan (CDM Federal Programs Corporation
[CDM] 2003), CDM conducted a task-based negative exposure assessment in May
2003 to determine potential exposures at the CDM close support facility (CSF). During
that assessment a few Libby amphibole (LA) structures were found. Corrective
measures were taken, and a second negative exposure assessment was conducted in
June, 2003. None of the results from the June negative exposure assessment exceeded
any of the evaluation criteria set forth in the soil preparation plan. These results
indicated that the procedural changes implemented following the May assessment
prevented any further release of LA. Based on the June data, and in accordance with
the soil preparation plan, the fibrous aerosol monitoring contingency was not
implemented, and the July monitoring needed only to include one day of assessment.
The purpose of this report is to present the results and corrective actions from the July
assessment that was conducted on August 5, 2003.

1.1 Soil Sample Processing

CDM has been tasked by the U.S. Department of Transportation Volpe Center (Volpe)
to prepare soil samples collected at the Libby site prior to their analysis. The
preparation includes drying, sieving, splitting, and grinding. These procedures were
developed to produce a sample with well-homogenized material of a standard

particle size.

1.2 CDM Close Support Facility Location and

Description

CDM prepares soil samples collected in Libby at its CSF located in Denver, Colorado.
The CSF consists of approximately 3,000 square feet of space, which includes an office,
drying room, wet chemistry room, storage/receiving room, equipment storage room,

and the main laboratory.

Both ventilation hoods and the drying oven are vented to a high efficiency particulate
air (HEPA) filter unit designed to remove 99.97 percent of particles 0.3 microns (um)
or greater. Figure 1-1 provides a floor plan of the CSF.

1.3 Close Support Facility Activities

The following is a list of activities that are performed by CDM personnel at the CSF:
» Sample receipt and check-in
» Sample storage

s Sample drying

m 1-1
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® Archive sample splitting

= Sample sieving

Fine sample grinding

CSF measurements

s Documentation

Equipment decontamination

Fine sample splitting and archiving

Sample packaging and shipping

Section 1
Introduction

All sample preparation procedures are described in the Close Support Facility Soil

Preparation Plan (CDM 2003).
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Figure 1-1 CSF Floor Plan

Sample Storage
Sample Storage Door

Back Door
Bathroom Equipment Storage
: . .
s q Ventilation
=3 Hood #1
e 3
S I
| — ] Main Lab
Sow &
2% 3
28 o
558
> T o
Wet Chemistry Room
o Office
Drying Room
Sample Receiving/Shipping

T

Front Door

PASZE0 RACK\ 1Y . Lty RI\Pevp t ab\Negatiio Fapomun: Amessment\fu.y - Repaety Dvali\bigure |- 1 als

North

1-3



Section 2
Monthly Monitoring

In accordance with the soil preparation plan (CDM 2003), monthly monitoring was
conducted to assess potential exposures and to document facility cleanliness at the
CSF. The 1-day assessment, conducted on August 5, 2003, consisted of ambient air
samples, personal air samples, and microvacuum dust samples. During the
assessment, CSF personnel were in modified level-D personal protective equipment.
CDM's CSF personnel performed the sampling. Reservoirs Environmental Services
Inc. (Reservoirs) performed the analysis.

2.1 Air Samples
2.1.1 Ambient Air Samples

Four ambient air samples were collected for the assessment. Sampling locations
included the office, sample receiving, main laboratory, and sample storage (Figure 2-
1). Samples were collected using high-volume pumps at flow rates ranging between
8.51 and 8.55 liters per minute (L/min). Pumps were calibrated in accordance with
section 7.2.3 of U.S. Environmental Protection Agency (EPA) standard operating
procedure (SOP) 2015 Asbestos Sampling (EPA 1994) (Appendix B). Once calibrated,
pumps were placed either on stands or on tables, with cassettes positioned
downward, and sampling was conducted in accordance with section 7.4.2 of EPA SOP

2015.

2.1.2 Personal Air Samples

Personal air samples were collected by task (i.e., activity) to allow for differentiation
among various exposure scenarios within the CSF. The two tasks sampled were
sample receiving/sample coordinator and sample preparation. The sample
receiving/sample coordinator position is responsible for checking in samples from
the field, sample shipping, and general office activities. The sample preparation
position is responsible for sieving, grinding, and splitting samples. During the
assessment, a time-weighted average (TWA) and a 30-minute excursion sample were
collected for each task. TWA samples were collected using personal air sampling
pumps at flow rates ranging between 2.00 and 2.05 L/ min. Thirty minute excursion
samples were collected using personal air sampling pumps at flow rates ranging
between 2.00 and 2.10 L/ min.

2.1.3 Air Sample Analysis

Ambient air samples and personal air samples were analyzed by both:

1. National Institute for Occupational Safety and Health (NIOSH) Method 7400
(NIOSH 1994)

CDM 2-1
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Section 2
Negative Exposure Assessment

2. Appendix A to Subpart E of Part 763 (Asbestos Hazard Emergency Response
Act of 1986 [AHERA] 2002)

2.2 Dust Samples

2.2.1 Microvacuum Dust Samples

Six microvacuum dust samples were collected for the assessment. Samples were
collected from tables in the office, the office floor, inside ventilation hood #2, the main
laboratory floor, top of boxes in sample storage, and the sample storage floor (Figure
2-1). Samples were collected using personal air sampling pumps at a flow rate of 2.0
L/min. A composite sample consisting of three independent 100 square centimeter
(cm?) grids were sampled for 2 minutes each for a total of 300 cm? and 6 minutes per
sampling location (composite dust sample). All samples were collected in accordance
with American Society for Testing and Materials (ASTM) Standard D 5755-95 (ASTM
1995).

2.2.2 Dust Sample Analysis

All dust samples were analyzed using transmission electron microscopy (TEM),
which stipulates the AHERA counting protocol (ASTM D5755-95).

CDM 22
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Figure 2-1 Negative Exposure Assessment Sampling Locations
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Section 3
Quality Assurance

The quality assurance for this assessment will be discussed in the following four
sections: deviations from the sampling and analysis plan, usability of the data,
achievement of data quality objectives (DQOs), and summary of quality control (QC)
activities.

3.1 Deviations from the Sampling and Analysis Plan

Deviation #1
The soil preparation plan calls for ambient air samples to be collected in close

proximity to the following areas:

1) Sample receiving/shipping

2) Soil drying room

3) Sample preparation area in the main laboratory
4) Office

During the July assessment, ambient samples were collected in close proximity to all
of the aforementioned areas except the soil drying room. In addition, an ambient air
sample was collected in the sample storage area.

No drying had occurred since the May negative exposure assessment and the drying
room will no longer be used as part of the CSF operation. Therefore, CDM decided to
forgo sampling this area and focus on areas where actual operations were taking
place. This included collecting an ambient air sample in the sample storage area.

Deviation #2
The soil preparation plan calls for microvacuum dust samples to be collected from the

following areas:

1) Inside the ventilation hood

2) Soil drying room

3) Sample preparation area in the main laboratory
4) Office

As mentioned above, the soil drying room is no longer in use; therefore, no samples

were collected in this area. Instead, microvacuum dust samples were collected from
two locations in the sample storage area (floor and top of boxes).

CDM 31
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Section 3
Quality Assurance

3.2 Usability of the Data

None of the negative exposure assessment data were either evaluated or validated.
Therefore, it is assumed that the raw data are usable for their intended purpose,
which is to assess potential exposures and to document facility cleanliness at the CSF.

3.3 Achievement of Data Quality Objectives

Currently no formal DQOs’ exist for the CSF monitoring program; however the
objectives of the negative exposure assessment, to assess the potential exposures and
document facility cleanliness at the CSF, were achieved.

3.4 Summary of Quality Control Activities

The only QC samples collected during the negative exposure assessment were field
blanks. Two blanks each of personal air, ambient air, and microvaccuum dust samples
were collected. One blank from each sample type was analyzed while the second
blank was archived.

All QC activities for the July assessment were completed in accordance with the soil
preparation plan.

CDM 3.2
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Section 4

Results

A sample collection key is presented in Table 4-1. A summary of all phase contrast
microscopy (PCM) sample results is presented in Table 4-2, and a summary of the
TEM sample results is presented in Tables 4-3 (air) and 4-4 (dust). Detailed bench

sheets are included as Appendix A. '

Table 4-1. July Monitoring Sample Collection Key

s | Duration Volume Area
Index!ld  Sample Type aDr:tZ e Personnel/Area (min) (L) (cm?)
E CS-12598 8-hour TWA 8/5/03 Sample prep. 480 984 n/a
3 $ | cs12509  3ominEXC  8/5/03 Sample prep. 30 63 n/a
8 § CS-12600 8-hour TWA 8/5/03 Sample coord. 485 970 n/a
©
o CS-12601 30-min EXC  8/5/03 Sample coord. 30 60 n/a
o CS-12602 Ambient air 8/5/03 Office 485 4147 n/a
g— é CS-12603 Ambient air 8/5/03 Sample receiving 485 4147 n/a
E § CS8-12604 Ambient air 8/5/03 Main laboratory 485 4127 n/a
CS-12605 Ambient air 8/5/03 Sample storage 485 4147 n/a
CS-12606 Microvacuum 8/5/03 Office (floor) 6* n/a 300
CS-12607 Microvacuum 8/5/03 Main lab. (inside hood #2) 6* n/a 300
1723
'é- CS-12608 Microvacuum 8/5/03 Main laboratory (floor) 6* n/a 300
(5]
ﬁg CS-12609 Microvacuum 8/5/03 Sample storage (floor) 6* n/a 300
5
Q CS-12610 Microvacuum 8/5/03 Sample storage (top of boxes) 6* n/a 300
CS-12611 Microvacuum 8/5/03 Office (top of tables) 6" n/a 300
* Microvacuum samples were collected in three independent 100 cm? (2 min. each) areas for a total of 300 cm” (6 min. total).
cm’ - square centimeter, EXC - excursion, L - liter, min — minute, n/a - not applicable, TWA ~ time weighted average
CDM 4-1
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Section 5
Findings and Corrective Actions

5.1 Findings
Electronic results for all analysis were received from Reservoirs on August 15, 2003.
Hardcopy results were received on September 11, 2003.

5.1.1 PCM

Personal air samples were analyzed by PCM. The evaluation criteria, corrective
action, and results for each are presented below. All evaluation criteria and corrective
actions outlined in this section are described in the soil preparation plan (CDM 2003).

Personal Sample Results

Evaluation criteria: Time weighted average personal air samples are considered
acceptable if the PCM result is less than or equal to (<) 50 percent of the Occupational
Safety and Health Administration (OSHA) permissible exposure limit (0.1 fibers per
cubic centimeter [f/cc]). That is, action will be taken for any PCM result for TWA
personal air samples greater than (>) 0.05 f/cc. Excursion samples are considered
acceptable by PCM if the result is < 50 percent of the OSHA permissible exposure
limit (1.0 {/cc). That is, action will be taken for any PCM result for excursion samples

of >0.5f/cc.

Corrective action: If either of the evaluation criteria is not met, the CSF will be re-
cleaned by wet wiping and HEPA vacuuming the affected area. Personal air samples
will then be recollected.

Results: No personal air PCM results were above the evaluation criteria. Therefore, no
corrective action was taken based on these results.

5.1.2 TEM

All three types of samples (i.e., ambient air, personal air, and microvacuum dust)
were analyzed by TEM. The evaluation criteria, corrective action, and results for each
are presented below. All evaluation criteria and corrective actions outlined in this
section are described in the soil preparation plan (CDM 2003).

Ambient
Evaluation criteria: Ambient air samples are considered acceptable if one or fewer
LA structures are detected.

Corrective action: If the evaluation criterion is not met, the CSF will be re-cleaned by
wet wiping and HEPA vacuuming the affected area. Ambient air samples will then be

recollected.

CDM 5.1
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Section 5
Findings and Corrective Actions

Results: No ambient air TEM results were above the evaluation criteria. Therefore, no
corrective action was taken based on these results.

Personal Sample Results

Evaluation criteria: The action level for TEM analysis is 0.10 LA structures per cubic
centimeter (s/cc) for structures between 0.5 microns and 5 microns and 0.01 s/ cc for
structures > 5 microns.

Corrective action: If either of these criteria is not met, the laboratory will be wet
wiped and HEPA vacuumed, and personal air samples recollected.

Results: No personal air TEM results were above the evaluation criteria. Therefore, no
corrective action was taken based on these results.

Microvacuum Results

Evaluation criteria: Microvacuum dust samples are considered acceptable if the TEM
result is < 5000 LA structures per square centimeter (s/cm?2).

Corrective action: If dust sample results indicate concentrations greater than 5,000
s/cm?, the area represented by the sample will be wet wiped, HEPA vacuumed, and
re-sampled.

Results: No microvacuum dust TEM results were above the evaluation criteria.
Therefore, no corrective action was taken based on these results.

5.2 Corrective Actions

No corrective actions were taken based on the July monitoring results.
5.3 Process Improvements

One facility change occurred at the CSF since the last negative exposure assessment
report. A third ventilation hood was placed in the main laboratory area (Figure 1-1),
and now houses a new drying oven. The hood is vented to a HEPA filter unit
designed to remove 99.97 percent of particles 0.3 um or greater. Although the former
drying oven was vented to a HEPA filter unit, the operation did not take place under
negative pressure. Therefore, CDM felt there was a potential for release of material
during loading and unloading of the oven. To minimize this potential for release, the
drying operations were moved to the main laboratory under a ventilation hood. A
new drying oven was required to fit in the new hood (i.e., the old drying oven was
too large to fit within the new hood).

CDM 5-2
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Section 6
Conclusions

None of the results from the July monitoring exceeded any of the evaluation criteria

set forth in the soil preparation plan. Based on these data, the fibrous aerosol
monitoring contingency will not be implemented, and the August monitoring will
only include one day of assessment.
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Appendix B
U.S. EPA Standard Operating Procedure
2015. Asbestos Sampling



1.0 SCOPE AND APPLICATION

Asbestos has been use d in many commercial products
including building materisls such as flooring tiles and
sheet goods, paints and coatings, insulation, an d
roofing asphalts. These products and others may b e
found st hazardous waste sites hanging on overhea d
pipes, conwined in drums, abandoned in piles, ora s
past of s structure. Asbe stos tailing piles from mining
operations can also be 3 source of ambient asbesto 5
fibars. Asbesios is a known carcinogen and requires
alr sampling 10 assess sirborme exposure to huma n
health. This Standard Operating Procedure (SOP )
provides procedures for ssbestos air sampling b y
drawing & known volume of air through a mixe d
cellulose ester (MCE) filter. The filter is then sent 1o
s laborstory for analysis. The U.S. Environmenta |
Protection Agency/Environmental Response Tea m
(U.S. EPA/ERT) uses one of four analytical methods
for determining asbestios in air. These include: U.S .
EPA's Eavironmental Asbestos Assessment Manual,
Superfund M ethod for the Determination of Asbestos
in Ambient Ais for Transmission Electron Microscopy
(TEM)™. U.S. EPA's Modified Yamate Method fo r
TEM®, National Instinte f or Occupational Safety and
Health (NIOSH) Method 7402 (direct method only )
for TEM; and NIOSH Method 7400 for Phas ¢
Coatrast Microscopy (PCM) . Each method ha s
specific sampling and analyrical requirements (i.e. ,
sample volume and flow rate) for determinin g
asbestos in air.

The U.S. EPA/ERT typically follows procedure s
outlined in the TEM methods for deierminin g
mineralogical types of asbestos in air and for
digtinguishing asbestos from non-asbestos minerals .
The Phase Contrast Microscopy (PCM) method i s
used by U.S. EPA/ERT as a screening tool since it is
Jess costly than TEM. PCM cannot distinguis h
asbestos from non-asbestos fibers, therefore the TEM
method may be necessary to confirm analytica |
results. For example, if an action level for th ¢
presence of fibers has been sct and PCM analysi s
indicates that the act ion level has been exceeded, then

ASBESTOS SAMPLING
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TEM analysis can be used to quantify and identif y
asbestos structures through examination of thei r
morphology crystal structures (through electro n
diffraction), and elemental composition (throug h
energy dispersive X-ray analysis). In this instanc ¢
samples should be collected for both analyses in side

by side sam pling trains (some laboratories are able 10

perform PCM and TEM analysis from the same filter).
The Superfund method is designed specifically t o
provide results suvitable for supporting ris k
assessments at Superfund sites, it is applicable 10 a2
wide range of ambient air situations at hazardou s
waste sites. U.S. EPA's Modi fied Yamate Method for
TEM is also used for ambient air sampling due to high

volume requirements. The PCM and TEM NI10S H
analytical methods require lower sample volumes and

are typically used indoors; however, ERT wil |
increase  the volume requirement for outdoc r

application.

Other Regulations pertaining 1o asbestos have bee n
promulgated by U.S. EPA and OSHA. U.S. EPA' s
National Emission Standards for Hazsrdous Ai r
Pollutants (NESHAP) regulates asbestos-containin g
waste materials. NESHAP establishes managemen 1t
practices and standards for the handling of asbesto s
and emissions from wasie disposal operations (4 0
CFR Pan 61, Subparts Aand M). U.S. EPA's 40 CFR
763 (July 1, 1987)* and its addendum 40 CFR 76 3
(October 30, 1 987)" provide comprehensive rules for
the asbestos abatement industry. State and loca 1
regulations on these issues vary and may be mor ¢
stringent than federal requirements. The OSH A
regulations in 29 CFR 1910.1001 and 29 CF R
1926.58 specify w ork practices and safety equipment
such as respiratory protection and protective clothing
when handling asbestos. The OSHA standard for an
8-hour, time-weighted average (TWA) is 0. 2
fibers/cubic centimet ers of air. This standard pertains
to fibers with a length-to-width ratioof 310 1 witha
fiber length >5 um 9, An action level of 0.1 fiber/ec
(one-half the OSHA standard) is the Jevel U.S. EP A
has established in which employers must initiate such
activilies as air monitoring, employee training, an d




medical surveillance #¥,

These are standard (i.e., typically applicable )
operating procedures w hich may be vanied or changed
a5 required, dependent upon site conditions |,
equipment limitations or limitations imposed by th ¢
procedure. In all instances, the ultimate procedure s
employed should be documented and associated with

the final repont.

Mention of trade names or commercial products does
not constiute U.S. EPA endorsement or

recommendation for use,

20 METHOD SUMMARY

Prior to sampling, the site should be characterized by
identifying on-site as wel] as off-site sources o f
sirborne asbestos. The amray of sampling location s
and the schedule for sample collection, is critical t o
the success of an investigation. Generally, sampling
strategies to characterize 8 single point source ar ¢
fairly strasightforward, while multiple point source s
and area sources increase the complexity of th ¢
sampling strategy. lt is not within the scope of thi s
SOP 10 provide a generic asbestos air sampling plan.
Experience, objectives, and site characieristics wil ]
dictate the sampling strategy.

During a site investigation, sampling stations should
be armanged to distinguish spatial trends in aitbomn ¢
asbestos concentrations. Sampling schedules should

be fashioned to establish temporal trends. Th e
sampling stategy typically requires that th e
concentation of asbest os at the source (worst case) or
area of concern (downwind), crosswind, as well a s
background (upwind) contribut ions be quantified. See
Table 1 (Appendix A) for US. EPA/ER T
recormumended sampling set up for ambient air. Indoor
asbestos sampling req uires a different type of strategy

whick is identified in Table 2 (Appendix A). It i s
important to establish background levels o f
contaminants in order to develop a reference poin t
from which to evaluate the source data. Field blanks

and lot blanks can be utilized 10 determine othe r

Sources.

Much information can be deri ved from cach analytical
method previously mentioned  Each analytica 1
mnethod has specific sampling requirements an d
produce results which may or may not be applicadbl ¢
to 3 specific sampling effot.  The site samplin g

objectives should be carefully id entified so as to select
the most sppropriaie ana Iytical method. Additionally,
sorne preparation (i.c., lot blanks results) prior to site
sampling may be required, these sequirements ar ¢

specified in the analytical methods.

PRESERVATION,

3.0 SAMPLE
HANDLING,

CONTAINERS,
AND STORAGE

i1 Sample Preservation

No preservation is required for asbestos samples.

3.2 Sample Handling, Container an d
Storage Procedures

1. Place a sample label on the cassent e
indicating s unique sampling number. D o
not put sampling casseties in shirt or coa 1
pockets as the filter can pick up fibers. The
original cassette box is used to hold th e

samples.

2. Wrap the cassette individually in a plasti ¢
sample bag. Each bag should be marke d
indicaring sample identifica tion number, total
volume, and date.

3. The wrapped sampling cassettes should b e
placed upright in a rigid container so that the
cassefte cap is on top and casserie base is on
bottom. Use enough packing material t o
prevent jostling or damage. Do not us ¢
vermiculite as packing matenial for samples.
If possible, hand carry to lab.

4, Provide appropriate documentation wit h
samples (i.c., chain of custody and requested
analytical methodology).

40 INTERFERENCES AND

POTENTIAL PROBLEMS

Flow rates exceeding 16 liters/minute (L/min) which
could result in filter destructi on due to (a) failure of its
physical suppont under force from the increase d
pressure drop; (b) leakage of air around the filte r
mount so that the filter is bypassed, or (c) damage to
the asbestos structures due to increased impac t
velocities.




4.1 VU.S.EPA's Superfund Method

4.1.1 Direct-transfer TEM  Specimen
Preparation Methods

Direct-Transfer TEM specimen preparation methods
have the following significant imerferences:

. The schievable detection limit is restricte d
by the particuls te density on the filter, which
in turn is controlled by the sampled ai r
volume and the total suspended particulat e
concentration in the atmosphere bein g

sampled.
. The precision of the result is dependent 0 n

the uniformity of the deposit of asbesto s
structures on the sample collection filter,

e Air samples must be collected so that the y

have particulate and fiber loadings withi n
narrow ranges. 1f 100 high s particulat ¢
Joading occ urs on the filter, it is not possible
10 prepare satisfactory TEM specimens by a
direct-transfer method. If too high a fibe r
losding occurs on the filter, even if
satisfactory TEM specimens ¢ an be prepared,
sccunie fiber counting will not be possible.

" 4.1.2 Indirect TEM Specimen Preparation

Methods

Indirect TEM speci men prepanation methods have the
following interferences:

. The size distribut ion of asbestos structures is
modified
. There is increased opportunity for fiber loss

or introd uction of extraneous contamination.
. When sample collection filt ers are ashed, any

fiber contaminstion in the filter medium i s

concentrated on the TEM specimen grid.

It can be argued that direct methods yicld sn under -

_estimate of the asbestos structure concentratio n

becsuse many of the asbestos fibers present ar e
concealed by other particulate material with whic h
they are amsocizied. Conv ersely, indirect methods can
be congidered to yield an over-estimate because some
typss of complex asbestos structures disintegrat e

during the preparation, resulting in an increase in the
numbers of structures counted.

4.2 U.S. EPA's Modified Yamate
Method for TEM

High concentrations of b ackground dust interfere with
fiber identification.

4.3 NIOSH Method for TEM

Other amphibole particles that have aspect ratio s
greater than 3:1 and clement al compositions similar to
the asbestos minerals may interfere in the TE M
analysis. Some non-amphibole minerals may giv ¢
clectron diffraction patterns similar 10 amphiboles .
High concentrations of b ackground dust interfere with
fiber identification.

4.4 NIOSH Method for PCM

PCM cannot distinguish asbestos from non-asbesto s
fibers; therefore, sll panicles meeting the countin g
criteria are counted as tota] asbestos fibers. Fiber less

than 0.25 um in length will not be detected by thi s
method High levels of non-fibr ous dust particles may

obscure fibers in the field of view and increase th ¢
detection limit.

50 EQUIPMENT/MATERIALS

5.1 Sampling Pump

The constant flow or critical orifice controlle d
sampling pump should be capable of a flow-rate and
pumping time sufficient to ac hieve the desired volume

of air sampled

The Jower flow personal sampling pumps genenall y
provide a flow rate of 20 cubic centimeters/minut ¢
(cc/min) to 4 L/min. These pumps are usually banery
powered. High flow pumps are utilized when flo w
sates between 2 L/min t0 2 0 L/min are required. High
flow pump s arc used for short sampling periods so as
to obtuain the desired sample volume. High flo w
pumps usually run on AC power and can be plugged
into a nearby outlet. If an outlel is not available then

a generator shou Jd be obtained. The generator should
be positioned downwind from the sampling pump .
Additional voliage may be required if more than one
pump is plugged into the same generator. Severa |



electrical extension cord s may be required if sampling
locations are remote.

The recommended volume for the Superfund method

(Phase I) requires approximately 20 hours to collect.
Such pumps typically daw 6 amps at full powers o
that 2 lead/acid baticries should provide sufficien t
power 1o collect a full sample. The use of lin ¢
voltage, where available, eliminates the difficultic 5
associated with transponting stored elecirical energy.

A stand should be used to hold th ¢ filter cassette at the
desired height for sampling and t he filter cassette shall
be isolated from the vibrations of the pump.

5.2 Filter Cassette

The cassenies are purchased wit h the required filters in
position, or can be assembled in a laminar flow hood
or clean srea. When the filters are in position, a
shrink cellulose band or adhesive tape should b ¢
applied 1o cassetne joints to prevent air Jeakage.

5.2.1 TEM Cassette Requirements

Commercially available field monilors, comprisin g
25 mm diameter three-piece cassettes, wit h
conduclive exiension cowls shall be used for sample
collection. The cassette must be new and not
previously used  The cassente shall be loaded with an
MCE filier of pore size 0.45 um, and supplied from a
lot number which has been qualified as lo w
background for asbestos determination. The cowl s
should be constructed of electrically conductin g
material to minimize electrostatic effects. The filte ¢
shall be backed by a 5 ym pore size MCE filic s
(Figure |, Appendix B).

5.2.2 PCM Cassette Requirements

NIOSH Mcethod 7400, PCM involves using 3 0.8t o
1.2 um mixed cellulose ester membrane, 25 m m
diameter, 50 mm conductive cowl on cassette (Figure
2, Appendix B). Some labs are able 1o perform PCM
and TEM analysis on the same filter; however, thi s
should be discussed with the laborstory prior t o

sampling.
5.3 Other Equipment

. Inert rubing with glass cyclone and hose barb
. Whirlbags (plastic bags) for casserntes

. Tools - small screw dnvers

. Conuainer - to keep samples upnight

. Generator or electrical outlet (may not b ¢
required)

Exiension cords (may not be required)
Muliiple plug outlet

Sample labels

Air data sheets

Chain of Custody records

6.0 REAGENTS

Reagents are not required for the preservation o f
asbestos samples.

7.0 PROCEDURES
7.1 Air Volumes and Flow Rates

Sampling volumes are deter mined on the basis of how
many fibers need to be collected for reliabl ¢
measurements. Therefore, one must estimate ho w
many airbomne fibers m sy be in the sampling location.

Since the concentration of airtbome aeroso |
contaminants will have some effect on the sample, the
following is a suggested criteria to assist in selecting
a flow rate based on rea )-time aerosol monitor (RAM)

readings in milligrams/cubic meter (mg/m °).

Concentation  Elow Rate

* Low RAM readings:  <6.0 mg/m’ 11-15. L/min
* Medium RAM readings:>6.0 mg/m , 7.5 L/min
2.5 Limin

* High RAM readings: >10. mg/m’

In practice, pumps that are availab le for environmental
sampling at remote locations operate under a
maximum load of approximately 12 L/min.

7.1.1 U.S. EPA's Superfund Method

The Superfund Method incorporates an indirec t
preparation procedure to provide flexibility in th e
amount of deposit that be can be tolerated on th e
sample filter and to allow for the seleclive
concentration of asbestos prior to analysis. T o
minimize contributions to background contamination

from asbestos present in the plastic matrices o f
membrane filters while allowing for sufficien t
quantities of asbestos to be collected, this method also

requires the collection of a Jarger volume of air pe r
unit area of fi lter than has traditionally been collected

l



for asbestos analys is. Dut 10 the need to collect large

volumes of air, higher sampling flow rates ar ¢
recommended in this method tha n have generally been
employ ed for asbestos sampling in the past. Asa n
alermative, samples may be coll ected over longer time
fmervals. However, this restricts the flexibilit y
required to allow samples 10 be collected whil ¢

miform metcorologics! conditions prevail.

The sampling rate and the period of sampling should

be sslecked 1o yield as high a sampled volume a s
possible, which will minimize the influence of filte r
ssmtamination. Wherever possible, a volume of 1 5
oudic meters (15,000 L) shall be sampled for thos e
samples intended for analysis only by the indirec 1
TEM prepanstion method (Phase 1 samples). Fo r
thoss semples 10 be prepared by both the indirect and

the dirct specimen preparation methods (Phase 2
sumples), the volumes must be adjusted so as t o
provide a suitably-losded filier for the direct TE M
pesparation meth od. One option is to collect filters at

ssveral Joadings 10 bracket the estimated optimu m
Jesding for s particular site. Such filters can b ¢
seresned in the Iaboratory so that only those filter s
closest to optimal loading are analyzed. It has bee n
found thet the volume cann ot normally exceed § cubic

meters (5000 L)in an urban or agricultural area, and
10 subde maeters (! 0,000 L) in » rural area for samples

cellectad on a 25 mm filter and prepared by 2 dircct-

transfe technique.

As wpper limit to the range of acceptable flow rate s
forthis method is 1S L/min. At many locations, wind
patterns exhibit strong diumal vaniations. Therefore,
imterminent sampling (sampling over a fixed tim ¢
jmerval repested over several days) may be necessary
0 acournulase 20 hours of sampling time over constant
wind conditions. Other sampling objectives also may
mecessitass i nterminent sampling. The objective is 10
design a sampling schedule so that samples ar e
oollected under uniform conditions throughout th ¢
sampling imterval. This mcthod provides for suc h
optioss. Air volumes collected on Phase I sample s
are maximized (<16 L/min). Air volumes collected
on Phase 2 samples are limited to provide optimu m
Josding for filiers 10 be prepared by a direct-transfe r

procedure,

7.1.2 US. EPA's Modified Yamate
Method for TEM

U.S. EPA's TEM method req uires a minimum volume

of 560 L and a maximum volume of 3,800 L in order

to obtain an analytical sensitivity of 0.00 §
structures/cc. The optimal volume for TEM is 120 0
L to 1800 L. These volumnes are determined using a
200 mesh EM grid opening with 8 25-mm filie r
casseite. Changes in volume would be necessary if s

37-mm filter cassette is used since the effective area
of & 25 mm (385 5q mm) and 37 mm (855 sqm )

differ.
7.1.3 'NIOSH Method for TEM and P_CM

The minimum recommended volume for TEM an d
PCM is 400 L at 0.1 fiber/cc. Sampling time i s
sdjusted to obtai n optimum fiber loading on the filter.
A sampling rate of 1 to 4 L/min for eight hours (700
to 2B00 L) is appropriate in non-dusty atmosphere
containing 0.1 fi ber/cc. Dusty atmospheres i.c., areas
with high levels of asbestos, require smaller sampl ¢
volumes (<400 L) 10 obtain countable samples.

In such cases, 1ake shon, consccutive samples an d
average the results over the tota) collection time. For
documenting episodic exposures, use high flow raies
(7 to 16 L/min) over shorter sampling times. [ n
relatively clean atmospheres where targeted fibe r
concentrations are much less than 0.1 fiber/cc, us ¢
larger sample volumes (3,000 10 10,000 L) to achieve
quantifiable loadings. Take care, however, not t o
overload the { ilter with background dust. If > 50% of
the filter surface is covered with panticles, the filte r
may be too overloaded to count and will bias th e
measured fiber concentration. Do not exceed 0.5 mg

total dust loading on the filter.
1.2 Calibration Procedures

In order to determine if 3 sa mpling pump is measuring
the flow rate or volume of air correctly, it is necessary
1o calibrate the instrument. Sampling pumps shou) d
be calibrated immediately before and after each use .
Preliminary calibration should be conducted using a
pnmary calibrator such as a soap bubble typ e
calibnator, (e.g., a Buck Calibrator, Gilibrator, o ¢
equivalent primary calibrator) with a representativ ¢
filter cassetie installed between the pump and th ¢
calibrator. The representative sampling cassetie ca n
be reused for calibrating othe r pumps that will be used
for asbestos sampl ing. The same cassenie Jot used for
sampling should also be used for the calibration. A
sticker should be affixed to the outside of th e
cxtension cow! marked "Calibration Cassette.”’



A roumeter can be uscd provided it has been recently

precalibmated with a primary calibrator. Thre ¢
scparate constant flow calibration readings should be

obtained both before sampling and after sampling .
Should the flow rate change by more than 5% during

the samplin g period, the average of the pre- and post-

calibration rates will be used to calculate the tota |
sample volume. The sampling pump used shal |
provide s non-fluctuating sir-flow through the filter ,
and shall maintain the initial volume flow-rate t ©
within 2 10% throughout the sampling period Th ¢
mean value of these flow-raie measurcments shall be
used 10 calculate the total ajr volume sampled. A
constant flow or critical onif ice controlled pump mects
these requirements. If at any time the measuremen 1
indicates that the flow-rate has decreased by mor ¢
than 30%, t he sampling shall be terminated. Flexible

tubing is used to connect the filter cassette 10 th ¢
sampling pump.Sampling pumps can be calibrate d
prior to coming on-site so that time is saved whe n

performing on-site calibration.

7.2.1 Calibrating a Personal Sampling
Pump with an Electronic Calibrator

1. See Manufacturer's manual for operationa |
instructions.
2. Set up the calibration train as shown i n

(Figure 3, Appendix B) using a samplin g
pump, clectronic  calibrator, and F
representative filter cassetie. The same lo t
sampling cassetie used for sampling shoul d
also be used for calibrating.

3. To set up the calibrat ion train, aftach one end
of the PVC tubing (approx. 2 foot) to th ¢
cassette base; anach the other end of th e
tubing to the inlet plug on the pump .
Another piece of tubing is anached from the
cassefie cap to the electronic calibrator.

4, Turn the electronic calibrator and samplin g
pump on. Create a bubble at the bonom o f
the flow chamber by pressing the bubbl e
initiate button. The bubble should rise to the
top of the flow chamber. Afier the bubbl ¢
runs its cour sc, the flow rate is shown on the

LED display.

Turn the flow adjust screw or knob on th e
pump until the desired flow rate is attained.

7.2.2

7.23

Perform the calibration three times until the
desired flow rate of % 5% is attained.

Calibrating a Rotameter with an
Electronic Calibrator

See manufacturer's manual for operationa |
instructions.

Set up the calibration train as shown i n
(Figure 4, Appendix B) using a samplin g
pump, rotameter, and electronic calibrator.

Assemble the base of the flow meter with the
screw provided and tighten in place. Th e
flow meter should be mounted within 6 °

vertical. :

Turn the clectronic calibrator and samplin g
pump on.

Create 2 bubble at the bontom of the flo w
chamber by pressing the bubble initiat e
button. The bubble should rise to the top of
the flow chamber. Afier the bubble runs its
course, the flow rate is shown on the LE D
display.

Turn the flow adjust screw or knob on th ¢
pump until the desired flow rate is anained.

Record the clectronic calibrator flow rat ¢
reading and the corresponding rotameir 5
reading.  Indicate these values on the
rouameter (sti cker). The rotameter should be
able 1o work within the desired flow range .
Readings can also be calibrated for 10 cm *
increments for Low Flow rotameters, 50 0
cm’ increments for medium flow rotameters
and 1 liter increments for high flow
rotameters.

Perform the calibration three times until the
desired flow rate of £ 5% is attained. Once
on site, 2 secondary calibrator, i.e., rotameter
may be used 10 calibrate sampling pumps.

Calibrating a Personal Sampling
Pump with a Rotameter

See manufacturer's manual for Rotameter' s
Operational Instructions.



4.

13.

Set up the calibration train as shown i n
(Figure S, Appendix B) using a rotameter ,
sampling pump, and a represeniativ ¢
sampling cassette.

To set up the calibrat ion train, attach one end

of the PVC rtubing (approx. 2 fi) 1o th ¢
casseite basc; anach the other end of th ¢
tubing 1o the inlet plug on the pump .
Another picce of tubing is antached from the
cassene cap to the roiemeter.

Assemble the base of the flow meter with the
screw provided and tighten in place. Th ¢
flow meter should be mounted within 6 *

vertical.
Turn the sampling pump on.

Tumn the flow adjust screw (or knobd) on the

personsl sampling pump unti] the float ball
on the rotameter is lined up with the
precalibrated flow rate value, A stickero n
the roumecter should indicate this value.

A verification of calibration is genenall y
performed on-site in the clean zone
immediately prior 10 the sampling.

Meteorology

It is recommended that 2 meteorological station b e
established.  Jf possible, sample afier two to thre ¢
days of dry weather an d when the wind conditions are
at 10 mph or grester. Record wind speed, win d
direction, temperature, and pressur ¢ in a field logbook.
Wind direction is particularly important whe n
monijtoring for asbestos downwind from a fixe d

74
74.1

Ambient Sampling Procedures

Pre-site Sampling Preparation

Determine the extent of the sampling effort,
the sampling methods 10 be employed, an d
the types and amounts of equipment an d
supplies needed

OMbtain necessary sampling equipment an d
ensuse it is in working order and full y

charged (if necessary).

7.4.2

Perform a general site survey prior 10 sit ¢
entry in accordance with the site specifi ¢
Health and Safety plan.

Once on-site the calibration is performed i n
the clean zone. The calibration procedure s
are listed in Section 7.2

Afier calibrating the sampling pump ,
mobilize to the sampling location.

Site Sampling

To set up the sampling train, sttach the ai r
intake hose 1o the cassette base. Remove the

cassetie cap (Figure 6 and 7, Appendix B) .
The cassette should be po sitioned downward,

perpendicular to the wind

If AC or DC electricity is required then tum
iton. If used, th ¢ generator should be placed
10 fi. downwind from the sampling pump.

Record the following in a field logbook :
date, time, location, sample identificatio n
number, pump number, flow rate, and
cumulative time.

Tumn the pump on. Should intermitten 1t
sampling be required, sampling filters mus t
be covered between active periods o f
sampling. To cover the sample filter: rur n
the cassetie to face upward, place th e
cassene cap on the cassette, remove the inlet
plug from the cassene ¢ ap, artach a rotameter
1o the inlet opening of the cassene cap t o
measure the flow rate, tumn ofY the sampling
pump, place the inlet plug into the inle t
opening on the casscrte cap. To resum ¢
sampling: remove the inlet plug, tum on the
sampling pump, attach a rotameter to
measure the flow rate, remove the cassett ¢
cap, replace the inlet plug in the cassette cap
and inven the cassette, face downward an d
perpendicular 1o the wind.

Check the pump at sampling midpoint i f
sampling is Jonger than 4 hours. The
generators may need 1o be regased depending
on tank size. If'a filier d arkens in appeanance
or if loose dust is seen in the filter, s second
sample should be staned.



6. Atthe end of the sampling period, orient the
cassette up, turn the pump off.

71 Check the flow rate as shown in Sectio n
7.2.3.  When sampling open-faced, th e
sampling cap should be replaced before post
calibrating. Use the same cassette used fo 1
sampling for post calibration (increas e
dust/fiber Joading may have altered the flow

rate.
8. Record the post flow rate.
9. Record the cumulative time or run.
10, Remove the tubing from the samplin g

casserte.  Still holding the cassette upright ,
replace the inlet plug on the cassene cap and
the outlet plug on the cassette base.

7.4.3. Post Site Sampling

L Follow handling procedures in Section 3.2 ,
sieps 14,

2. Obtain an electronic or hard copy of
meteorological data which occurred durin g
the sampling event. Record weather: win d
speed, ambient 1emperature, wind direction,
and precipitation. Obtaining weather dat a
scven days prior to the sampling event can
also be useful.

7.5 Indoor Sampling Procedures

PCM anlysis is used for indoor air samples. Whe n
snalysis shows total fiber count above the OSH A
action Jeve) 0.1 f/cc then TEM (U.S. EPA's Modified

Yamat e Mcthod) is used 10 identify asbestos fro m

non-asbestos fibers.

Sampling pumps should be placed four to five fee t
above ground level away from obstructions that may

influence air flow. The pump can be placed on a 1able

or counter. Refer 10 Table 2 (Appendix A) for a
summary of indoor sampling locations and rational ¢
for selection.

Indoor sampling utilizes high flow rates to increased
sample volumes (2000 L for PCM and 280010 4200 L
for TEM) in order to obtsin lower detection limit s
below the standard, (i.c., 0.01 f/cc or Jower [PCM ]

and 0.005 structures/cc or lower [TEM)).
7.5.1 Aggressive Sampling Procedures

Sampling cquipment at fixed locations may fail t o
detect the presence of asbestos fibers. Due to limited
air movement, many fibers may sctile out of the i 7
onto the floor and other surfaces and may not b ¢
captured on the fil ter. In the past, an 8-hour sampling
period was recommended to cover various B8i r
circulation conditions. A quicker and more effective
way to capture asbestos fibers is to circulate the ai r
antificislly so that the fibers remain airbome durin g
sampling. The results from this sampling optio n
typifies worst case condition. This is referred to a s
sggressive air sampling for asbestos. Refer to Table 2
for sample station locations.

1. Before starting the sampling pumps, direc t
forced air (such as a )-horsepower les f
blower or large fan) sgainst walls, ceilings ,
floors, ledges, and other surfaces in the room
to initially dislodge fibers from surfaces .
This should take at lcast 5 minutes per 1000
sq. fi. of floor.

2. Place 8 20-inch fan in the center of the room.
(Use one fan per 10,000 cubic feet of roo m
space.) Place the fan on slow speed an d
point it toward the ceiling.

3. Follow procedur es in Section 7.4.1 and 7.4.2
(Turn of{ the pump and then the fan(s) when
sampling is complete.).

4, Follow handling procedures in Section 3.2 ,
steps 1-4.

8.0 CALCULATIONS

The sample volume is calculated from the averag ¢
flow rate of the pump muktiplied by the aumber o
minutes the pump w as running (volume = flow rate X
time in minutes). The sample volume should b ¢
submitted to the laborato ry and identified on the chain
of custody for esch sample (zero for lot, field and trip
blanks).

The concentration result is calculated using th ¢
sample volume and the number s of asbestos structures
reporied afier the ap plication of the cluster and matrix
counting critena.



90 QUALITY ASSURANCE/
QUALITY CONTROL

Follow all QA/QC req uirements from the laboratories
8¢ well 1a the analytical methods.

9.1 TEM Requirements

1. Examine lot blanks to determine the
beckground asbes tos structure concentration.

2. Examine ficld blanks to determine whethe r
thers is contamination by extrancou s
asbestos structwres  during  specime n

prepanstion.

3. Examine of labor story blanks to determine if
contamination is being introduced durin g
critical phases of the {aboratory program.

4. To determine if the labomatory e n
satisfactonily analyze samples of know n
asbestos structure concentrations, referenc ¢
filters shall be examined. Reference filter s
should be maintained as part of the
laborstory's Quality Assurance program.

s, To minimize subjective effects, som e
specimens should be r ecounted by a different

microscopist.

6. Asbestos laboratories shall be accredited by
the National Voluntary Laborator y
Accreditation Program.

7. At this time, performance evaluation samples
for asbestos in air are not available fo r
Removal Program Activities.

9.2 PCM Requirements

| Examine reference slides of Jmown
concentration 10 determine the analyst's
ability to satisfactorily count fibers .
Reference slides should be maintained s s
pant of the haboratory's quality assuranc e

prognm.

2 Examine fi eld blanks to determine if there is

comtamination by extrancous structure s
during sample handling.

3. Some samples should be relabeled the n
submitted for counting by th € same analyst 10
determine possible bias by the analyst.

4, Participation in s profic iency testing prognfn
such as the AIHA-NIOSH proficienc y
analytical testing (PAT) program.

10.0 DATA VALIDATION

Results of quality control samples will be evaluate d
for contamination. This information will be utilize d
to qualify the environmental sample result s
sccordingly with the project's data quality objectives.

11.0 HEALTH AND SAFETY

When working with potentially hazardous materials
follow U.S. EPA, OSHA, and corporste health an d
safety procedures. More specifically, when entering
an unknown situation involving asbestos, a powere d
air purifying respirator (PAPR) (full face-piece) i s
necessary in co njunction with HEPA filter cantridges.

Sce applicable regulations for action level, PEL, TLV,
etc. If previous sampling indicates asbesto s
concenirations are below persona) health and safet y
levels, then Level D personal proiection is adequate.

12.0 REFERENCES

m Environmental  Asbestos  Assessmen t
Manual, Superfund Method for the
Detemination of Asbestos in Ambient Air ,
Part 1: Mcthod, EPA/540/2-90/005s, Msa y
1990, and Pant 2: Technical Backgroun d
Document, EPA/540/2-90/005b, May 1990.

@ Mecihodology for the Measurermnent o f
Airbomne Asbestos by Elcctron Microscopy,
EPA's Report No. 68-02-3266, 1984, G .
Yamate, S.C. Agarwal, and R. D. Gibbons.

o National Instituie for Occupstional Safet y
and Health. NIOSH Manua) of Analytica |
Method. Third Edition. 1987.

b U.S. Environmenu] Protection Agency .
Code of Federal Regulations 40 CFR 763 .
July 1, 1987. Code of Federal Regulation s
40 CFR 763 Addendum. October 30, 1987.



U.S. Environmental Protection Agency .

Asbestos-Containing  Materials in Schools ;
Final Rule and Notice. 52 FR 41826.
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"

Oca'lpnionll Safety and Health
Administration. Code of Fede ral Regulations

29 CFR 1910.1001.
1987.

Washington, D.C .



APPENDIX A

Tables

TABLE 1.

SAMPLE STATIONS FOR OUTDOOR SAMPLING

Sample Numbers

Rationale

Collect a minimum of two simultancous
upwind/background samples 30 * apart
from the prevailing windlines.

Establishes background fiber levels.

Deploy & minimum of 3 sampling stations
in 8 180 degree arc downwind from the
source.

Indicates if asbestos is leaving the
site.

Obtain one site representative sample
which shows average condition on-sitc or
obtain worst case sample (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.

® More than one background station may be required if the asbesios originates from different sources.




APPENDIX A (Cont’d)

Tables

TABLE 2

SAMPLE STATIONS FOR INDOOR SAMPLING

Sarple Station
Loestion

Sample Numbers

Rationale

Indoor Sampling

If a work site is 8 single room, disperse §
samplers throughout the room.

1f the work site contains up to 5 rooms, place
at least one sampler in each room.

I1f the work site contains more than § rooms,

sclect 8 representative sample of the rooms.

Establishes representative samples
from s homogencous area.

Upwind/Background

If outside sources are suspected,

deploy 3 minimum of two simultaneous
upwind/background samples 30 * apart from
the prevailing windlines.

Establish whether indoor asbestos
concentrations are coming from an
outside source.

Obtain one worst case sample, i.e.,
aggressive sampling (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.

12



APPENDIX B

Figures

FIGURE 1. Transmission Electron Microscopy Filter Cassette
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Figures

- FIGURE 2. Phase Contrast Microscopy Filter Cassette
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Figures

FIGURE 3. Calibrating & Personal Sampling Pump with 8 Bubble Meter
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Figures

FIGURE 4. Calibrating 8 Rotameter with a Bubble Meter
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Figures

FIGURE 5. Calibrating 3 Sampling Pump with a Rotameter

FILTER CASSETTE ﬁ
. —

ﬁﬁd

Gilior
o

21
| roTameTER ([ Z & 2 -

Psrsonal Sampling Pump

17




APPENDIX B (Cont’d)

Figures

FIGURE 6. Personal Sampling Train for Asbestos
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Figures

FIGURE 7. High Flow Sampling Train for Asbestos
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Appendix C

Standard Test Method for Microvacuum
Samplmg and Indirect Analysis of Dust by
Transmission Electron Microscopy for
Asbestos Structure Number
Concentrations. ASTM D-5755-95



T

-"*

45"’ Designaticn: D 5755 - 95

Standard Test Method for

AP IUCAN SOTETY *ON TESTING AND MATEARIALY
. 1818 Ascs SL Phisssipia, 3 18103
Acepsiniad from O Anvumd bouh 81 ASTM Sinmarsa Copyrpnl ASTM
o Suted I P Cumrert comDingd name, srd sppaas in ine NI Be mn.

Microvacuum Sampling and Indirect Analysus of Dust by
Transmission Electron Microscopy 1or Asbestos Structure

Number Concentranons’

This sandard s -ul under |h fiard azmpnation D $745; the namber umndmdy following the desigaasion indicim the your of
anpnal atepuum o1. is (he mss of revisen, ke your of lamt revisien. A mim b i paraaihos iadicia I"y’ of lan reappreval A

1. Scope - o :
1.1 This test method covers & procedure- o {a) identify
. asbestos ia dust and () provide an esuimate of the concen-
tration of asbesios in the sammpled dus rcported as the
somber af asbestos structures per unit area of umpld

surfbce.
I.1.1 lfmudmmo!thcubutummubbedcm—'

mined, the user is referred 10 Test Method D 5756,
‘1.2 This test method describes the equipmen! and proce-

dures necessary for ampling, by & microvacuum technique,

. sop-airborne dust for Jevels of asbestas mructurex The
nos-alrborne sampls is coflected inside a sandard filter
membrans anetie from the smmpling of a surface.area for

dust which may contain asbestos.

- 121 This procedure uses 8 microvacuuming nmphnl
technigue. The collection efficiency of this techoique is *.

voknown and will vary among substrates. Properties influ-
encing colleciios efficicncy include surface wexture, adhesive-
asm, tlectroaatic propesties and octher factars.

1.3 Asbestos identificd by 1nnsmission electron micros-
copy (TEM) is bastd on morphology, selected area electron
diffraction (SAED), and ‘cnergy dispersive: ‘X-ray spalysis
(EDXA). Some mfom:mnl about’ structure size is also

1.4 This 1est muhod is gencra.ny applicable fnr' m evu-,

qni of the concentration of asbestos struciures siarting from
. Spproximately 1000 ashestas structures per square centi-

meve
1.4.) The procedure outlined in this test method empieys
as indirect mmple pr:pimion technique. 1t i3 intended 1o
" disperse aggregated asbestos into fondamental fibrils, fiber
bundles, clusters, or matrices that can be more accurstely
quaxtiBed by ransmission electroo microscopy. However, as
with &8 indirect mmple preperation 1echniques, the asbesios
M for quaniificatios may not represent -the pbpal
brm of the asbesios s mmpled More specifically, the
procadurs described scitbes creates nor destroys asbestas,
but k may alter the pbysical farm of the mineral fibers.
13 The values suated in ST units are 1o be regarded as the

standerd. The values given in parenthesss are for informa-
thl

1.6 m: standard does not pumarx t0 address afl of the
sgfay Fonceras, il any, associaied with its use. It s the

methed s vadar s jurigicaion of ASTM Cammitias D-22 on

'This B
Sampiling and A wia of Almssphsrm sad & e dirny rwpoasbhiliy of
Sebssmmitios DILOT on Samping snd Analysis of Asbason

Curvens sdiina sppreved Augunm i 3. (993, Publisneg Ocreiar 1993,

superscripl spailos 1) indicaies 38 cfitenial chungs rince the las revision or ruppruval.

mpau:b:lnv qf ihe wser of 1hir nandard 10 establish appro-
priale safery and health praciices and determme the npphca

blliy of r::ulalary limitasions prior 1o use,

2. Referenced Dmuu

21 ASTM S‘landardr
D 1193 Specification for Reagent Water?
D 1739 Test Method for the Collection and Measurement
- of Dusifall (Settlesble Particulate Maner)
D 3193 Pnciice for Roiameter Calibration?
D 3670 Guide far Determination of Precision and Bm of
* Methods of Commitice D-223
D5756 Test Metbod for Microvacuum Saropling and
Indirect Analysis of Dust by Transmission Electron
Microscopy for Asbesios Mass Concentration?® -
J. Terminology !

3.1 Definjrions:

111 asbestiform—a speml type of fibrous hlbﬂ in which
the fibers are separable into thinner fibers and ultimately
into fibrils. This habit accounts for greater flexibility and

" higher tensile strength than other habits of the same minerol
For more information on ubsufom xmne.rnlo;y, see Rela
(1) () and (3)." -

3.1.2 asbesios—a collective tenm that describes a group of
naturnlly occurring, inorganic, highly Sbrous, silicate domi-
pated minenals, which are easily separated into long. thin,
flexible fibers when crushed or processed.

Dacission—included In the deflntiion are the asbestifonn wericzies
oft serpentine (chrysotlle); richeckite (erocidalitc); gromerite (gruncite

asbenios), anibophyllie (snthopbyllie ashesios); remolite (remolie
asbesios), and actinolite (actinelits wbestos) The amphibale minoa!

compositions are defined according o nnnudnun ol the ln:nn-

-liosal Mineralogical Amsociatlon (3)
Ashcaias Chemical Abmracy Scrvice Na?

Qhryseule 1200})-29-§
Crocidalice 12001204
Grunerilz Asbesios 12172-73-3
Asthephylllu Asbemox 77436-63-3
Tremalhe Asbemos . 71500434

77510444

Asusallis Ashamos
3.1.3 fibril—a single fiber that cannot be separaied into

3 Asanal Buud of ASTIH Stendards, Vol 11.01.

3 Annual Beak & ASTM Siendards, Yol |1.0)
“ The boidfoar numban in parcathesss refor 18 Wi lis of referemnens a1 the eod

of 1his 1xm method
*The no iform vsrisuons of the minerals indicusg im 5.1 have
ulfkrent Cheminal Atnract Sermce (CAS) sumben.
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smaller components without losing its fibrous properties or
appecarance, .

3.2 Descriptions of Terms Specific ) Tnu Standard:

32.! aspec: raiio—the ratio of the l:ngtb of a fibrous
panticie to jts average widih.

3.22 bundle—s smructure composed of three or more
fibers in a paralle arrangement with the fibars closer than

. oge fiber diameter 10 each other,
. 3.3 c/uger—a structure with fibers in s andom arrange-
ment such that all fibess are intermixed and no single Sber is
isolated from the group; groupings of fibers must have more
thao Iwo points touchiog '

3.4 debris—materials that are of m amount snd size
(particles greater than | mm in diameter) that @an be visually
identified as 10 their source.

325 dus/—any material ccmpand of particles in s size

mange of ) msm and lerge mon;h 10 scitle by virtue of their

.

weight from the ambient air (see definition for seitleable’

particulaic mane in Test' Method D | 739)

326 fiber—a stucture having & minimum leogth of 0.5
pm, an aspect rtio of S:1 or grester, and substantially
parallel sides (4)

" 3.27 fibrous—af & minera) composed of parallel nadi-
ating Or isteriaced agpregates of fibers, from which the fibers
are somectimes separable. That is, the crysialline aggregaie
may be referred 1o as fitrows even if it is not compaosed of

separable fibers, but bas that distinct appearance. The term |

fibrous is used in 3 geoeral mineralogical way to dqcn'be
sggregates of grains that crystallize in a needle-like habit and

appear to be cnmpou:d of Gbers. Fibrous hs s much more
" general meaning than asbestos While it is :

correct that all

asbestos minerals are fibrous, nat all minerals having Sbrous
babits are asbestos,

3.2.8 indirea preparation—s method in which 8 sample

‘pasies through one or more intermediate steps prior to final

flrration.
329 manx—a strucnure io which ane or more Sbers, or

fiber bundles thet are touching are attached to, or partially
concealed by a single particle or connected group of non-
fibrous particler. The exposed Sber must mest the fh&:

definition (sc¢ 3.2.6), .
3.2.10 sructures—s term that is uudmummuz__n.ﬂ the

types of asbestos particles which are recorded dun.ng' the
analysis (such as fibers, bundies, clusiens, and maxicss).
Final results of the iest are always expressed in asbestos

SENICILITES per SquaTE centimetre,

4. Surnmary of Test Method

4.1 The sample is collezted by vncuu.riu'nl a kna.\vn
surface area with 4 standard 25 or 37 mm air sampling
asmetle uxing » plastic tube that is artsched 10 the inlet
orifice which acts as a noxzle. The ;ample is tansferred from

" inside the cassctic 10 20 agueous solution of known volume.

Aliquots of the suspension are then fillered through a
membrane. A :ction of the membrane is preparced and
transferred [0 8 TEM gnd wsing the direct vransfer method,
The asbestiform structures are idestified, sized, and counted
by TEM, using SAED and EDXA m a magnification of

45 000 1o 20 000X,

5. Significance and Use

meihod is used for the general testing of non-airborpe

5.1 This microvacuum sampling and indirect nmlm
L d

samples for asbestos. 1t is used 10 assist in the evalustion o

dust that may be found on surfaces in buildings such as

ceilmg tiles, shelving, clectrical componeats, duct wo
carpel, eic. This tent method provides an index of th

concentration of ashestos structures in the dust per unit nres

buildings with asbesiascontaining materjals, or compluwc:
with federal, state, or Jocal regulations or statutes. [t is the

analyzed as derived from s quantiative TEM analyxis.
5.1.1 This 1est method docs not describe procedures o

xxl;n;qua required 10 evaluate the safety or habitsbility o

user's responsibility 10 make these determinations.

5.12 At present, a sziogle direct relationship berwesn
asbesios-conraining dust and potential buman exposure does
not exisl. Accordingly, the naer should mnnda these dsta in g
rdluonsbsp 7] othcr available nformation in their cvalun-

tion
52 This test mz!hod uses the definition, sertleable partic-
uwlste matérial, found in Test Method D 1739 as :he defini-
tion of dust. This definition accepts all particies smell
enough 10 pass through & | mm (Na. 18) screen. Thus, a
single, large asbestos containing particle(s) (from the large
end of the particle size dmnbunon) dispersed during mample
preparation may result jo anomalously large asbestas con-
is,

cenuation results i the TEM analyses of that saomple. It

therefore, recommended that multiple ndcpendent smples
- are secured from the same area, and 3 minimum of three
ampies anslyzed by lhc entnre procedure, :

6. Interferences
6.1 The following mmcml.s have properties (that is, chem-

ical or crystlline structure) which are very similar to
asbestas minerals and may interfere with the analysis by
cawing a false positive 10 be recorded during the st
Therefore, literature references for these materials must be
maiotined in the laboratory for comparison 1o asbestos
minerals 30 that they are not misdentified g3 asbestos

minerals.
A1 Antigorite,
1.2 Palygorskite (Auapu/:u:)
1.3 Halloysite.

1.4 Pyraxenes.

1.3 Sepidllie

1.6 Vermiculite scrolls.

6.
8.
6.
6.
6.
8.1.7 Fibrous ralc.

6.1.8 Hornblende and other amphibales other Lhan thm: '

listed in 3.1.2,
6.2 Collecting any dust particles greater than | mm ip size

in this test method may cause zn mzc:'fcrenc and, thercfore,
must be avmd:.d.

7. Materials and Equipment
1.1 Purity of Reagents—Rcagent grade chemicals shall be

used in afl tests Unless otberwise indicated, it is intended

that ajl reagents conform to the specifications of the Com-
mites on Analyocal Reagenis of the Amencan Chemical
Sodety, where such specifications are available. Other grades
may be used, provided it is S5t asczrizined that the reagent
is of sufficently bigh purity 1o pormit its use without
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lemening the sccuracy of the determination. ®
. 93 Tranymission Electron Microscope (TEM), an 80 1o

110 kY TEM, cpable of performiog electron diffraction,
‘with s fluorescens scresp inscribed with calibrated prada-
tioas, i8 required. The TEM must be equipped with energy

dispersive X-ny spectrascopy (EDXA) and it must bave 2
tnponission dectron nuu'o:copy {STEM) attach-

scaaaing
tasnt or be capahie of producing s spot size of less thaa 250
nm [n diameter in crosover.
93 Energy Dispersive X-ray Sysiem (EDXA).
1.4 High Vocuurn Carbon Evaporaior, with rotsting stage.
13 High Elliciency Particulate Air IHDA}. filtered neg»-

tive Bow hood.
14 Exhsust or Fume Hood.
1.7 Parsicle-free Waigr (ASTM Typc 1, see Speaﬁauon

D1i93)

. 3.8 Glacs Beakers (S0 mL).

19 Class Sample Coniainers, with wide moulh screw aap
(200 mL) or equivaient sealable con taiser (height of the glass
smpls container should be spprozimately |3 ecm high by 6

am wids).
7210 Waierproof Markerx.

7.1} Ferceps (tweezers),
7.12 Ultrasoaic Bath, uble lop model (100 W),
S, 10 mL sizm), glass or

71.1) Graduaied Piperes (|,

plastic, .
" .14 Fiker Funnel, cither 25 mr or 47 mm, glass or

Filter funnel auemblies, either |lns. or disposable .

jiler. -

plasde, and using either 2 23 mm or 47 mm diameter filler.
7.15 Side Arm Filter Flask, 1000 mL
. .16 Mixed Cellwlose Ester (MCE) Membrane Filters, 25
a’ﬂmdhmeﬁ. =0.22 prn and S uym pore size.
01 Pol)un\ume {PC) Filters, 25 or 47 mm diameter,

d.! jam pore stze.
" 218 Storage Comainers, for the 25 or 47 mm fltess (for

* archiving).
7.19 Glass Slides, lppronmlu:!y 76 by 25 mm in aize.

7130 Scalpel Flades, No. 10, or equivalent.
1.2] Cabinat-iype Desiccator, or low emperature drying

13 Chloraform, mgat grade. —_—
723 Acrione, reagent gade. -

12¢ Dimetiylforrmamide (DMF).

125 Giacial Acetic Acid -

1.26 /-meeth 2-pyrrofidone.

127 Plasma Asher, low tempemun.

128 8 Popu.
129 Air Sampling Purry, lmv voluroe personal-type, ca-

pobls of achisving s flow raie of | 10 5 L/mio

120 Astamete.
131 Al Sampling Cassentes, 28 mm or 37 mm, con-

taising 0.8 prs or amaller pore size MCE or PC filtess.

732 Cort Jorer, T s,
* 933 Nom-Asbestos Mineral, references as outlined in 6.1.

* Augusyt Chaovamls. Anerican Chawice! Sudasy Specifcasions, American
Coumisyl Soniaty, Wmhisgss, DC. For supsmions 03 the \emag of repssls 30)
Sned by b Ammins Chamica/ Sacic1y. s dnsisr Smadents for Loberaary
Chamsisnts, BOH Lat. Posie. Donet. U.X-. and the Unued Stsiss PAarmacopes
oy, US M Cos Ine [LSPC,

|
!

7.4 A.:be.rm.r Siandards, as audmed in3.1.2 -~
7.35 Tygon’ Tubing, or equivalent,
7.36 Small Vacuum hlmp that =an maiowin s pressure

of 92 kPa

7.37 Pari Dishes, hrz: ;!us. lppronmauly 9 mm in
diameter.

7.3% Jqfle Washer, suinless stee! or dummum mesh
screen, 30 10 40 mesh, and approximaicly 7S mm by S0 mm

in size,
139 Copper TEM Fi ndzr Grids, 200 mesh
7.40 Carbon Evaporator Rods.

7.4) Lens Tissue
7.42 Ashless.Filier Paper Filers, 90 mm diameter,

7.43 Gwnmed Paper Reinforcement Rings.
7.44 Wash Baitie, plastc.
7.45 Reogeru Alcohol, HPLC Grade (Fisher A99S or

equivalent).
7.46 Opening Mesh Screen, plastic, 1.0 by 1.0 mm,

{Spectra-Mesh #146410 or equivalent).
1.47 QIJraaiou Grating Replica. .

8. Sampling Procedurs for Microvacoum Technigos
3.1 For ampling asbestos-containing dust in either indoor

or outdoor environmenis, commercially available cameries

must be used, Air monitoring cassettes cosnaining 25 mm or
}7 mm diameter mizxed cellulose ester (MCE) or
polycarbonate (PC) flter membranes with s pore size less
than or equal to 0.8 um are required (7.31). The number of
sarpples collected dcpends upon the spacxﬁc circumstances of

the study.
82 Msinuin a log of l“ pertinent umphn; mformmon

and sampling focations.
8.3 Slmplm; pumps and flow xndu:nnn shall be cnli-

brated using a centified gandard IPPI'IIDJ or assemmbly (see

Pracdce D 3195 and 7.29)
3.4 Record all aalibmation information (5).
8.5 Perform a lcak check of the sampling sysiem af ¢ e-lc.h

ssmpling site by acz:vauu the pump (7.29) witd the clou:d
leak is

sampling cassette in line. Any sir flow shows that a
present that must be eliminated before initiating the sam-

pling operation,

8.6" Attach the sampling cassefte (o the samplisg pump mt
the outlet side of the casserte with plastic tubing (7.35). The
plastic tubing must be long enough in thar the sample areas
can be resched without interference fom the sampling

". ‘purop. Attach a clean, approximately 25.4 mm long piecs of
plastic tubing (6.35 mm intemal diameter) directly 1o the

inlet orifice. Use this piece of tubing as the sampling noxzle.
Cut the sampling end of the tuhing a1 2 45" mogle a3
illustrated in Fig [. The exact desipn of the nozle is not
critical as Jong as some vacuum braak is provided to svoid
simply pushing the dust around on the. suface with the

nozzle rather than vacunming it into the cametie. The

inltenal diameter of the aoxzie and flow raie of the pump
may vary as long as the air velocity is 100 (=/0) cn/s. This
air velocity caiculation is based on an iniemal ampling tube

diameter of 6.15 mm at a flow rate of 2 [ /min,
3.7 Measure and determine the sample area of interest. A

'Tyson o 8 mgnerud undemark of the Dufost Ca
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r ~ contamination before @idng cassenes into a clean prepa
/ ' ., lonaea S ']
.:;”g?:k‘;’l‘:'- 102 Perform sample preparation io o clean faciliry tha
ANGLE has & scparate work area from both the bulk and air ;ample
1° 10 1-1/2° 7 prEparalion areas. ‘ ]
/ 103 Initial specimen preparation shall take place in »
clean HEPA filtered negative pressure hood 10 avoid any

OR
785 MM TO J7mM

|

See 1/47 DIAMETER
TUBING

FIG. 1 Exasmple of the Tubing Noxxle

sample area of 100 cm? is vacuumed untdl there is no visible

dust ar particulales maner remaining. Perform a minimum
of rwo onhogonal passes on the surface within a8 miaimum
of 2 min of sampling time. Avoid scraping or abr.ldml the
surface being sampled. (Do not sample any debris or dust

particles greater than | ram in diameter (sce 4.2).) Smaller o
larger sreas can be sampled, if needed. For cxample, some

surfaces of inierest may have a smaller area than 100 am.
Less dusty surfaces may require vacuaming of larger areas
Unlike sir sarpples, the overloading of the casseties with dust
will pot be & probiem. As defined in 3.2.5, only dust shall be
collected for this analysis.

3.3 A! the end of sample collection, invert the cassetie 3o
that the nozzie inlet faces up before shurting off the power (o
the pump. The nozzle is then scaled with 8 cassene end-plug
and the cassette/mozzle taped or appropriately packaged to
prevent separation of the noxzle and cassetie assembly.. A
second oplion it the removal of the nozzle ffom the casserte,
then plugging of the cassette and shipment of the oozzle (aksa
plugged at both ends) scaled in a scparate closeable plastic
bag A third optios is placing the nozzle jaside the cassette.
for shipment. Tte naxzle Is a)ways saved and rinsed bqnmne
a significant pecenge of the dust drawn from a lighty

loaded surface may adhere 1o the inside walls of the tubing.

8.9 Check that all samples are dearly labeled, that all dust

saropling information sheers sre completed, and that i~

pertinent information bas besz enclosed, in accordance with

laboratory quality contral practices, before transfer of the
sampies o the laboratory. Include ap unused cassette and.

nozze as 2 field blank. .

1.10- Wipe off the exterior surface of the casseries with
disposable wet 1owels (baby wipes) prior 10 packagng for
shipment. : -

"9, Sample Shipment

9.1 Ship dust smples 10 an analytical laboratory io &

sealed contaiper, but separate fom agy bulk or air samples.

The asscties must be tightly sealed and packed in & maiesial

: free of Ebers or dust to minimize the potential for cantami-
nation. Plasnc “bubble pack”™ iy probably the most appro- )

priste material for this purpose.

- 30. Sample };r:pmﬂon

10.] Under 1 negative flow HEPA hood (7.5), earefully
wet-wipe the ex:enaor of the casseirss to resmove any possible

possible conlamination of the laboratory or personnel, or

both, by the potentially large number of asbestios stuctures
in an asbestos-containing dust sample. Cleanliness of the

preparation area hoods is measured by lhe cumulstive

‘process blank coocentrations (see Scction 11).

10.4 All sample preparmtion steps 10.4.] through 10.4.6 §
shall ke place in the dust preparation ares inside a HEPA

hood.

10.4.] Remove the upper plug from the sample cassette
and aarcfully introduce approximately 10 mL solution of 2
50750 mixture of particle-frec water and rezgent aleohol into
the cassetic using a plastic wash bore (7.44). If the plugged
nozzie was left attached 10 the cassette, then remove the plug
and introduce the waler/alcohal solution into the casserte
through the tubing, and then remove the tubing, il it &
visibly clean. . )

10.4.2 Replace the upper plug or the mmple cap and

lightly shake the dust suspension by hand for 3 ¢
10.4.3 Remove the entire cap of the cassetiz and pour the

suspension through 2 1,0 by 1.0 mm opening sceen (7.46)

-into & pre-cleaned 200 mL glass spedmen bottle (7.9) All
visible traces of the sample contained in the cassetie shall be

rinsed through the screes into the specimen bortle with &

plastic wash botie conuining the 50750 solution of particle-
free water and alcobol. Repeat this procedure two additonal
times for a 1o1al of three washings. Next, rinse the nozzle two
or three times through the screen into the specimen boitle
with the 50/50 mixture of water and wcohol. Typically, the
total amoust of the 50/50 mixture used in the rinse is 50 to
75 mL Discard the 1.0 by |.0 mm screen and bring -the

" volume of solution in the specimen bottle up to the 100 mL

mark on the side of the bottle with pasticle-free water only.

10.4.4 Adjust the pH of the suspension t0'3 to 4 using a
10.0 % salution of acetic acid. Use pH psper far testing
‘Flier the suspension within 24 b 160 avoid problems associ-

aed with bucierial and fungal growth.

10.45 Use cither a disposable plastic filtration vnif or 2
siax filtering unit (7.14) for filtration of aliquots of the
suspension. The ability of an individua) Altration umit lo
produce a uniform distibution may be lested by the
filtration of a colored particulaie suspension such as diluted
Indis jnk (suspension af carborn black).

104.5.] If a dispasable plastic filtration unil is uscd, then
unwrap a new disposable plastic filter funnel unit (ather 25
or 47 mm diameter) and remove the tape around the base of
the fuonel. Remove the funnel and discard the top Slier
supplied with the apparatus, rwiging the coarse
polypropylene support pad in place. Assemble the unit with
the adapler and s properly sized ncoprene sopper, and
stiach the funnel w the 1000 ml sde-arm vacuum flask
(7.15). Place a 5.0 um pore size MCE (backing filier) on the
support pad. Wet it with a few mL of particle-free water and
piac= an MCE (7.16) or PC filter (<0.22 um pore size) (7.17)
on op of the backing flter. Apply 2 vacuum (7.36), easuring
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thst the fliers are ceatered and pulled flat without air
bubbles. Any irrcgularities on the filter surface requires the
discard ofthat filier. Afer Lhe filter has bezn szated properiy,
replace the funnel and rescal i1 with the tape. Retumn the
Bask 10 atmospheric preasure.

10.4.52 Il 2 glass filtsation unit is used, plocea S um pore
sizs MCE (backing filter) on the glass [rit surface, Wet the
flwr with particie-free water, and place an MCE or PC flter

(=0.22 pra pore si2e) on lop of the bucking Glter. Apply 3.

vacuum, easuring that the filiers are centered and pulled flat
whthout alr bubbles.. Replace the filters if any irregularities
ars scem O3 the filter surface. Before filtration of each set of
mmple aliquots, prepare & blank filter by filtration of 50 mL
of particle-frec water. If aliquots of the same sample are
filmred i order of increasing concentration, the glass filira-
tios ualt seed not be washed between filration. After
completion of the filiration, do oot allow the Gltration funnel
-asssmnbly to dry because confamination is then more difficul!
0 mmove. Wash any residual suspession fom the filtration
asembly by boiding it under 3 flow of water, then rub the
suros with 3 clean paper towel soaked in 8 dﬂcunt
salution. Rupeat the cleaning operalion, and then rinsg 1wo

tises In paricie-fre water.
10.4.6 With the Nask 11 atmospheric pressure, add 20 mL

of particie-fire water into the fusnel. Cover the filter funnel
with its plasic cover if the disposable filtering unit is used.

10.4.7 Briefly hand shake (3 5) the capped bottle with the
mmpls suspension. then place it in s ubletop ultrasonic bath

(7.12) and sonicate for 3.0 min. Mainain the water level in

th; sonicator at the smic height as the salution in sample
becta. The ultrasonic bath shall be calibrated as described in

20.5. The altrasonic bath must be operated at equilibrium

tmoperatwe. Afler sonicating, return the sample bottle 1o the
work murfce of the HEPA hood Prepanation sieps 10.4.8
through [0.4.14 shafl be carricd out in this hood.

10.4.8 Shake the suspensioo lightly by band for 3 3, then

Jot ¢ rest for 2.0 min t0.alow hmpnmdawsewclomc

borzam of the bonle or float 10 the surface.
10.4.9 Estimate the amount of liquid o be vnu.:dnuvn to

an adequate filir prepantion. Experieoce bas
o .‘c.

shown that s light staining of the filier surface will yi
suitable preparation for analysis. Filter st Jeast 1.0 ml, but
e more than half the total volume. If after examinatios in

the TEM, the mmallest volume measured (i.0 ml) (7.13)

yields aa overioaded sample, then perform additional segal

dilstions of the suspension. If it is estmated that less thas
1.0 mL of solution bas 1o be Aliered because of tbe dessity of
the suspessios, perform a serial dilution :

10.4.9.1 If serial dilutions are required, repeat step 10.4.8
befbrs the serial dilution portion is taken. Do sot re-sonicaie
the origina! solution or spy serial dilutiont The recom-
meaded procedure for 3 serial dilution is to mix 10 mL of the
sampls solinion with 90 mL of particie-free water in & clean
sample bottle 10 obtain a :10 serial dilution. Follow gond

‘sbansiory practices when performing dilutions.
10.4.10 Insert a new disposable pipettz halfway inw the

) sampls suxpension and withdraw 8 ponion. Avoid pipeiting

o0y of the Jarge Soating or scutled particies. Uncover the filter
fansal and dispense the mixture from the pipete into the

wanr ia the funnel

19 4.11 Apply vacuum o the flask snd draw the mixiure

through the flilter.
10.4.12 Discard the plpcm:
10.4.13 Disassernble the Mtering wait and carcfully re-

move the sample filter with fine tweezens (7.11). Plar.e the

completed sample filter particle side up, into a precleaned,
labeled, disposable, plasuc petri dish (7.48) ar other similar

container,

10.4.14 Io order 10 ensure that an optimally-Joaded filter
is obiained, it is recommended thet fiiters be prepared from
several different lhquou of the dust suspension. For this
series of filters, it is recommended thst the volume of esch .
aliquot of the original suspension be s facior of five higher
than the previous one If the fliers are prepared in order of
increasing aliquot vnlume. all of the fliers for one smmple
can be prepared using one plastic dispossble filtration upit,

or without cleaning of glass Eliration equipmenst between
individual filtration, Before withdrawal of each aliquot from

the smample, shake the ’ mpcnmm without nddmonal

sonification and allow 1o rest for 2 min.
10.4.15.There are many practical methods for drying

MCE filters. The following are two examples that can be used:
{/) dry MCE flters for at least [2 b (over desicoant) in an
ainight cabisel-type desiccator (7.2)) (2) 1o shoriea the .
drying liroe (if desired), remove a plug of the damp filter and
artach it 1o a glass slide (7.19) &s described in 12.1.2 and
12.1.3. Phace the slide with s filter plug or Bhter plugs (up 10
sight p]uu caz be attached 10 one slide) on s bed of

desiccant, in the desiccator for | b
10.4.16 PC flters do nol require Jengthy drym; before

prepnnnon. but shall be placed in a desiceator for at lcast 30

min before preparation.
105 Pmnr: TEM specimens fom small sections of each

dried filter using the lppropml: direct transfer preparation
metbod. -

11. Blanks .
1.1 Prcpare sample blanks t}m include both a procexs

blank (50 mL of pasticle-free water) for each set of samples
analyzed and one unused filter from cach new bax of sample
Glters (MCE or PC) used in the laboratory. If glass Elu:mu
vaits are used, prepare and acalyxe 1 process blank esch time
the filtering unit is cleaned Blanks will be considered
contaminated, if afler analysis, they are thown o contain
more than 53 asbesios structures per square millixetre. This
scoerally corresponds to three or four asbestns structures
fourd in ten grid openings The source of the contamination
must be found before any further analysis can be pu'fnmcd.

Reject samples that were processed along with the contami-
nated blanks and prepare new :mph: afler the source of the

contamination is found.
112 Prepare ficld blanks which are included with sample

scis in the same manner as the samples, 1o test for cootami-
natios doring the sampliog, sbipping, handling and prepa-

radon sieps of the rocthod.
12. TEM Specimen Preparation of Mixed Cellulose Ester

{MCE) Filiers
NoTt I—Um of cther the aczione or Lhe diamethylformamide-

sczuc acd method B accepuble,
(2.1 Acerune Fusing Method:



{» o5755

121.] Remove & scciion (s plug) from any quadrant of
the sample and blank filtera Sections can be removed from
the Altery using 8 7 mm cork borer (7.32). The cork borer -
must be wer wiped after each time a section is removed.

12.1.2 Place the flter section (perticle side up) on a clean
microscope slide. Affix the filter section w the slide with a
gummed page reinfoscement (7.43), or other sunable means.
Label the slide with s glass scribing tool or peroancat

marker (7.10). .
. 12.1.3 Preparc a fusing dish from a glass petri dish (7.37)
.. and 2 metal syeen bridge (738) with 2 pad of five 10 8x
" ashics paper fhers (7.42) and place in the boftom of the
peri dish (4). Place the screen bridge on top of the pad and
saturns ths Slier pads with acetope. Place the slide on 10p of

the bridge in the pewi dish and cover the dish, Wair
the mmple Slier 1o fuse und:clear.

‘approaimaiely § min lor .
122 Dimerhylformamide-Acetic Acid Method:
12.2! Piace s drop of clearing solution that connsts of

33 % dimethyllormamide (DMF), 15 % glacial acetic acid,
and 50 % Type 1l water (v/v) on 3 clean rmicroscope slide.
Gauge .the amaunt nsed so that the cleanog solution just
sarurntes the filier section. ) - .
1222 Carefully lay the filter scgment, sample surface
upward, os 10p of the solution. Bring the filter and solution
Logcther a1 an angle of about 20° 10 help exclude air bubbles

Remove any excess clearing solution, Flace the slide in an
ovesn or on 1 bo! plite, in a fume bood, at 65 10 70°C for 10

min
12.3 Plasma aching of the coflapsed filter is required.
123.1 The microscope slide o which the collapsed filter
pieces are anached is placed in-a plasma asher (7.27L
. Because plasmoa ashers vary preatly in their performance,
both from it to unit and berween different positions in the
asher chamber, it is difficult 1o specify the exact conditions
that must be used. Insufficiest eiching will result in 8 failure
10 expox ernbeddzd fibers, and 0o much cicking may result
in the Joss of particles from the filter surface. To determine
the oplimum time for ashing, place an unused 25 mm
diameier MCE Slter in the center of a glass micrascope slide.
Positioa the slide spproximately is the center of the asher
chamber, Clase the chamber and cvacuate to a pressure of
appraximately 40 Pa, while admittiog oxygen to the chsmber

* of lens tissue or filter paper so that in

not be used. Carbon rods (7.40) used for evaporators shal] be
:hu';?cnud with a carbon tod sharpencer to a neck of abeul 3
mrs io leogth and | mm in dismeter. The rods are installed
in the evaporator in such a masner thal the points are
spproximately 100 1o (20 mm from the surfuce of the
roicroscope slide beld m the romting device, '
12.4.2 Place the glass slide holding the fters on the
rotation device, and evacuate the evaporator chamber 0 a
. vacuumn of at Jeast |3 MPa, Perform the evaponation in very
short bursts, separated by 3 10 4 3 10 allow the electrodes 10
coal. Aa alternate method of evaporation is by using a slow

continuous applied currest. An experienced znalyst can

Jjudge the thickness of the carboo film to be applied. Conduct
tests on upused filters Srst. If the carboan film is too thin,
large particies will be lost from the TEM specimen, and there
will be few complete and undamaged grid openings on the

specimen. .
12.4.2.1 If the coating is 100 thick, it will lead 10 a8 TEM

image that is lacking in contrast, and the ability 10 obtain
ciectron diffraction pauerns will be compromisced. The
carbon film shall be as thip as passidle and still remain intact
on most of the grid openings of tbe TEM specimen,

12.5 Preparation of the Joffe Washer—Tbe precise design
of the JaiTe washer is not considered important, so any one of
the published designs may be uscd (7, 8). One such washer
com_ins of s gmple stainless steel bridge contained in a glass
petri dish, .

!ZJ.I Place several pieces of lens tissue (7.41) on the
stainless steel bridge. The pieses of lens tissuc shall be large
enough to completely drape over the bridge and inio the
solvent. In 1 fume hood, fill the petri dish with acétone (or
DMF) until the height of the solvent i broughs up 10 contact
the underside of-the mewal bridge as Qlustrated in Fig. 2.

12.6. Placing the Specimens into ihe Jaffe Washer:

126.1 Place the TEM grids (7.39) shiny side up on s piece

casily picked up with tweezer. .
.12.6.2 Prepare three grids from each sample,

. 12.6.2.] Using a curved scalpel biade (7 20), excise at least” -

two square (3 mm by J mm) pieces of the carbon-coaled

MCE Alter from the glass slide.
12.6.2.2 Place the square filler mecs carban-side up oo

at s rae of B 10 20 an’/min. Adjust the tuning of the SYSIE® »—np of s TEM specimen gnd.

30 that the intensity of the plasma is maximized Determine ™

. tbe time required for complete axidation of the filter. Adjust
the system parameiens to achicve complete oxidation of the
fhter iz a period of approximately 15 min. For eiching of

*  collspsed filters, us: these operating parameters for a peniod

of § win. For additonal information on calibration, sce the

USEPA Asbestas-Convaining Materinls ia Schools (4) or

NIST/NVLAP Program Handbook for Airborne Ashesias

Analysis (8) documenis
12.32 ‘Place the gau slide containing: the collapsed filters

into the low-temperature plasma asher, and etch tbe filtex.
124 Carbon coating of the collapsed and eiched filters is

:-_;'. required. :
3. 1241 Carbon couting must be performed with o high-
«+ vecuun coating upii (7.4), capable of less than 10~ torr (l.‘}l‘

MPa) pressure. Units that are based on cvaporatios o
earbop filaments in & vacuum gencraied only by a1 ail rotary
* pump hve por been evaluated for this application and shall

saturated-lens tissue in the Jaffe washer.

Euctten mizrescope
specinans Stalnizss s1amimesh

Glows petrl dlad
dridps (O mash]

(100 mm z16 mm) -

Long
Thave

FIG. 2 Eaampis of Dasign of Saivent Washer (Jalle Washer}

dx'v:dun grids can be

12.6.2.3 ‘Place the whole assemMy (fiter/grid) on the
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12624 Plce the three TEM grid ample filter prepara-
tons on the same piece of lens tissue in the Jafe wasber.

§2.62.5 Place the lid op the Jaffe washer and sllow the

system 10 sund for several hours

. 1247 Altenately, place the grids on 2 low level (pam disb

filed 10 1he A mark) DMF Jaffe wasber for 60 min. Add

esough solution of equal parts DMF/aceione w0 Ol the

washer 0 the screen level. Remove the grids after 30 mia if

- they have cleared, that is, all filter material has been removed

from ths carbon fim, as deterrnined by inspection in the

TEM,
128 Cartfully remove the grids Ernm the Jaffe wasber,
allowing the grids 10 dry bd‘on: placing them in r clean

marked grid box.
1J. TEM Sndlm.n Prepanation of Polycarbonu ro

13.] Cover the surface of a clean microscope :hd: with

twe strips of double-sided adhesive tape.
13.2° Cut 1 surip of Alter paper stightly narrower thaz the
widih of the slide. Position the filter paper strip on the cznter

af the length of the dide.

13.3 Using a clean, curved scalpel blade, cut a r:np chh:
PC fiter approximately 25 by § mm. Use a rocking motion
of the scalpe! blade Lo avoid tearing the fiker, Place the PC
arip particle side up on the siide perpendicular 1o the long
xxis of the slide. The ends of the PC strip must contact the
double sided adhesive tape. Each slide can hald scveral PC

. With 2 glass marker, label each PC strip with the
N ual sample number.

3.4 Carbox coat the PC fiter strips as discussed in
* }12.4.2. PC fiters do not require etching.

Nors 2 Castles—Do not overbaat the Slter sections whils carbon

13.5 Prepare a Jaffe washer as described in 12.5, but fill
the washer with chioroform or l-meLbyl-Z-pyrmhdone 10 the

- - lovel of the screen
13.6 Usiog a cean curved scalpel bhdg excise three, -

" 3-mm square Bhier picces from ach PC smip. Phacs the flier
mnlband:uponmshmynde of s TEM gnd. Pick
up the grid aad filter section together and pisce themm oo ﬂg_.

h.hlhhhﬂ'c washer,
117 Place the lid on !beJaﬂ'cnshcnndresuhemdsm

place for st least 4 h. Best results are obtaied with looger

wicking times, up to 12 B
138 Qarefully emove the gnids from the Juffe washer,

- alowing the grids to dry before placing them in & clear,
marksd grid box. :

14, Grid Opesing Measuryments
14.] TEM giids must have & known grid opening area.

-Determming this ares as folows
142 Measure &t Jeast 20 grid openiogs in each of 20

*sandom 75 1 100 um (200-mesb) copper grids for a total of

400 grid openings for every 1000 grids used, by placing the
20 grids on » glam slide and examining them under the
optical microscope. Use a calibrated graticuie to measure the

sverage length szd width of tbe 20 openings from cach of the
Individual grids. From the acumulated daw,” calculate the

- Averags grid opening area of the 400 opanings.
14.3 Grid wes messurcmenis can also be made at the

TEM ata calibrazed screen magm'lian‘on- of between 3 D00
and 20 000X. Typically measure one .nd opening for each
grid examined Measure grid openings in both the 2 and Y

directions and caiculate the ared. .
14.4 Pre-calibrated TEM grids are also accepuble for this

lest method,

15. TEM Method ,
15.1 Microscope settings: 30 10 120 LV,
20 000X screen maganificatian for analyxis (7.2). _
152 Analyze two grids lor cach sample. Analyze one-half
of the sample are2 oo one sample grid preparation and the
remaining balf on a second sample grid preparstion, -
. 18.) Determination of Spevimen Suitability:
-+ 15.3.1 Carefully load the TEM grid, carbon side facing vp
(in the TEM column) with the grid bars eriented panliel/
perpendicular 10 the length of the specimen bolder. Use a
hand lens or loupe, if becessary, This procedure will oe up
the grid with the X and y transation directions of tbe
microscope. Insert the specimen bolder imto the microscope.
15.3.2 Scan the entire grid st low magnification [250X 10
1000X) to determine its suitability for high nun.ﬁnnon

analysis a3 specified in 15.33.
15£3.3 Grids are accepubl: for analysis if the following

conditions are met
15.3.3.1- The fraction of grid openings um:::d by the

replica section is at Jeast 50 %. .
~ 13.3.3.2 Relatlve to that section of the grid covered by the
carbon rtplacg the fraction of intact grid opcmny is greater

" than 50 X.
153.3.3 The fractiopal area of undissolved ﬁlu:r is less

than 0%,

153.3.4 The fraction of grid openings with avcrhppmg or
folded replica Gim is Jess than 50 %.

_1533.5 At least 20 grid openings, that have Do cveriap-
ping or folded replica, are less thap 5% covered with bhales
and bave lexs than 5 % opaque ares duc 10 incomplewe Ell:r
dissolution. - . L

15.4. Determination of Grid Opening Sudabduy

15.4.1 If the grid meets amepunce criteria, choose 3 gnid
opcaing for ndym [rom varigus areas of the grid so that the
eatire grid is rcpmntnd Determine the suitabilicy of each
individual grid opening prior to the analyxis.

15.42 The individual ;nd opening must have Jess than
5 % holes over its area.

15.4.3 Grid openings must be Jess Unn 25% mven:d with
particulate matter.

15.4.4 Grid openings must be umromly loaded,

15.5 Obtserve and record the onentation of the grid st B0
0 150X, on a grid. map record sheet along with the location
of the grid openings that are examined for the analysis. If
indexed grids are used, 3 prid map is oot required, but the
identifying coordmlla of the m.d square must be recarded. |

15000 10

16, Recording Dats Rules

6.1 Reczard on the count shest any continuous smUPml
of parnicles in which an asbesios fiber is detected. Clmfy
asbestes struciures as fibers, bundles, dusiens, or matricss as

defined ip 5.2 -
162 Use the criteria for fiber, bundle, cfuster, snd matrix

identification, as q::uibed io e USEPA Asbestas-Coniaining
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Maierials in Schools document (4). Record, for cach AHERA
structure identified, 1he length and width measurements.
16.3 Record NSD {No Structures Detecied) when no

structures are detected in the grid opening _
16.4 ldentify structures classified as chrysotile identified

by either clectron diffraction or X-ray analysis (7.3) and
recorded oo 8 count sheet. Verify at least one aut of every ten

chrysotile structures by X-ray analysis. )
16.5 Structures classified as amphiboles by X-ray analysis

and dectron diffractian are recorded oo the count sheet. For
more information on identification, ses Yamate, ¢t al, (7) or

Chatficld and Dillon (8).

16.6 Record a typical electron dilfraction pattern lor each

type of asbestos observed for each group of samples (or a

minimum of every fve samples) spalyzed: Record the

micropraph sumber on the count sheel Record at least one
X-nny specrum for. each type of asbestos observed per
nmple. Attach the print-outs 1o the back of the count shect.
If the X-ray spectrum is stored, record the file and disk
oursber on the couss sheet ' S
16.7 Couming Ruler
1€7.) At saeen magnification of between 15000 and
20 000X cvaluste the grids for the mast concentrated sample
loading; reject the sample if it is estimated to conuain more

than 50 asbostos structures per grid opening. Proceed to the

pext lower concantrated sample unt a et of grids ae
“obigined that have Jess than 30 asbestos structures per grid

opening.

16.8 Analytica’ Sensitiviry—An analytical sensitivity of
spproximately 1000 asbestos structures per square cent-
memre (calculsted for the detection of g single asbestos
structure) has been desipned for this analysis. This sensitivity
aa be achieved by increasing the amount of liquid fltered,
iscreasing the oumber of grid openings analyzed, or de-
creasing the size of the final flter. Occasionally, due 10 high.

* particle loadings or high asbestos concentration, this asalyt-
ical sensitivity cannot be practically achicved and stopping

rules apply. .
16.9 Lim# of Detection—The limit of detection for this

method is defined as, at & minimum, the counting of four
asbextos structures during the TEM analysis If less than foor-
astexas swucrures are counted during the analysis then the”
analytica] result which will be reporied will be Jess than the
limit of detection and a “less than™ sign (<) will appcar
befare the number. All data shall be provided in the labo-
ratory report. '

16.10 Sicpping Rules:
16.10.) The analysis is stopped vpon the completion of

the grid square that achicves an analytical sensitivity of Jess

than JO00 ashestas soructures per square centimetre.
16.10.2 If an analytical sensitvity of 1000 asbestos struc-

tures per square centimetre canno! be achieved ofter ang-

.lyz.in; ten grid openings thes stop on grid opening No. 10-or

the grid opening which copwins the |00th asbestos struciure,

whichever comes fust. A minimuro of four grid squares shall
. sample anal

be analyzed for each samople. .
16.10.2.1 ) the analysis is stopped because of the J00th

Structure ruje, the catire grid square containing the 100th
struciure musi be counted.

" 16.11 Aferanalysis, remnove the grids from the TEM, and
feplacs them in e apprepriate grid storage holder.

specilications regarding accuracy and coopsistency, In an

' (duplicate recounts}.

. 17. Sample Storage

17.] The washed-out sample caseries cap bc'di.sardr.l

afier use,

17.2 Sample grids and unused fllier secrions (7.!8) must
be stored for 2 minimum of one year. ,

18. Reporting
18.1 Repornt ‘the following informaticn for each dust

sample analyzed:
18.1.). Concentration in structures/cm?,
18.12 The analytical sensitiviry.
18.1.3 Types of asbestos present.
'18.1.4 Number of asbestos structures counted.

18.1.5 Effective filtration arca. -
18.1.6 Average size of the TEM srid openings that were

counted, g

18.1.7 Number of grid openings examined.

18.1.8 Sample dilution used )

18.1.9 Area of the surface sampled, :

18.1.10- Listing of size data for cach structure counted.
. {l.l.ll A copy of the TEM count sheet or a complete
listing of the caw dam. An exampie of a typical count sheet is
shown in Appendix X . .

18.2 Determine the amourt of ashesios
sample using the following formula:

EFA % 100 mL x #STR b ,
GOXGOAX VXSPL a3 mmm-ucmm/cm

" where: .
BSTR = nurober of asbestos structures counted;

£F4 = cfective fter arca of the final sampling filter, mm?,
GO = pumber of grid openings counted,
GOA = average grid opening area, mm3,

SPL = surfacc arcs sampled, cm?, and
¥ = volume of sample Sltered.jn step 10.4.9, repre-

senting the actual volume t2ken
: 100 mL suspension, mL. _ L
19. Quality Control/Quality Assurapce T

19.1 In general, the laboratory's quality control checks are
used to verify that & system is performing according to

(1)

analytical laboratory, spiked or known quantitative samplcs
are: normally used However, due 10 the difficulties in
prcp.:n'ng koown quantiative asbesios samples, rouTine
qualily control testing focuses on re-analysis of samples

. 19.1.1 Re-apalyze :mmples at & rate of Vie of the ssmple
seu (onc out of cvery ten samples anajyzed not includizg
laboratory blanks). The re-anslysis shall consist of & secoed
sample preprration obtained from the final flier.

19.2 In addition, quality assurance programs must follow -

the criteria shown in the USEPA Asbesios-Containing Mate
rials in Schools document (4) and in the NI.ST/NVIAP
Frogram Handbook for Airborne Asbesior Analystr docu-
ment (6). These documents describe sarople cusiody, ample
prepacation, blank checks for contaminanon, calibration,
ysis, soalyst qualifications, and echnical facli-

ues,
20. Calidrutions
20.1 Perform calibrations of the instrumen:alion on a

in apy acsepted”

fom the origial
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regular bass, and rewin these records in the laboratory, in
sccordance with the Jaboratory’s quality assurance program.
202 Record calibrations in a log book along with dates of
calibmation and the attached backup documentation,
20.3 A alibration list for the ipswrument is as follows:
20J3.) TIM:
20.3.1.1 Q'm:k the slignment and the systems op:rwon
Refer 10 the TEM manufactures's operational manual for

dewaied instuctions.
20.3.1.2 Calibrate the camera length of the TEM in elec-

. iroa diffraction (ED) operating mode before ED panerns of

uakaown -mph: are observed Carpena leogth aan be mea-
_ swred by using » carbon coated grid on which a thin film of
" pold has been sputtered or cvaporated. A thin film of goid is
svaporated o8 ihe specimen TEM grid 1o obmin zone-axis
ED panierns superimpased with & ring paticrn from the poly-
erysallise gold film. In practice, it is desirable to optimize
the thickness of the goid film 30 that only one or two sharp
sings we obtaped on the superimpased ED patiern. Thick
poid flms will 1cad 10 mask weak diffraction spots [rom the
Bbrows pmidn. Since the unknown d-spacings of most
Juterest in asbesios analysis are those which Jie closest 1o the
transmitied beam, muitiple gold rings from thick films are
snnecessary. Alternatively, a gold siandard specimen can be
ssed 10 oblaip an average camers consunt calculated for that
parsicular instrument and can then be used for ED paiterns
of unknowns uken during the corresponding period.

Zﬂ.J 1.3 Perform magpification calibration a1 the fluores-
cenl acreen. This alibratios must be performed at the

magnification used for structure counting. Calibration is
perforroed with s groting replico (7.47) (for :nmple. one

consining & Jeast 2160 lines/mm).
] Dtlnt s fieid of view on the fluorescent screen. The

Reld of view must be measurable or previously inscribed with
s xcale or conceatric crcles (all scales should be metric).
{b) Frequency of calibration will depend oa the service

hissory of the particular microscope.
(0 Check the calitvation after any miintenance of the.

microscope tha! mvolves adjustment of the power supply 10
the lens or the high valuage system or the mechanical
" disamembly of the clectron optical column (apart &om
flament exchange). -

i) Ths ssalym must casure that the grating r:plu:: is
placed at the nme distance from the objective lens as the
specimen.

M For insruments that incorporate s cucentric tilting
m stage, all apeamcns and the grating replica must be

plased gt the cuceotric positioa.
20J3.1.4 The smllest spot size of the TEM must be

checked.
(s) At the crossover paint, pholomph the spot size at 2

. ayeen m;mﬁauon of 15000 10 20 000X. An c.xposure

time of | 3 is wsually adequate.
(#) The messured :pox size must be h:s than or equu 10

250 am.

204 EDXU:
20.4.1 The resolution and culibration of the EDXA musi

be verified. .
1.4 1.] Collect a standard EDXA Cu peak from the Cu

l 204.13 Compare the X-ay eaergy versus channel

number for the Cu peak and be conain thal readings-sre

within =30 eV.
20.4.2 Collect a sandard ..DXA of crocidolite. asbestos

"{NIST SRM 1866).
20.4.2.1 The clemental apalysis. of the crocidolite mus

resoive the Na pesk.

20.4.3 Collect 2 standard EDXA of chrysotile asbesios.

20.4.3.1 The clerncnual analysis of chrysotile musi resolve
both Si and Mg on » single chrysotile fiber, .

20.5 Ultrasonic bath calibration shall b: performed as
follows:

20.5.3 Fill the bath waler to alevel :qual 10 the height of
suspengion in the glass sample contaiver that will be used for
the dust analysis. Operale the bath until the water reaches the

. equilibrium 1emperature. .
20.52 Place 100 mL of water (a1 approximately 20°C) in

another 200-mL glass sample conuiner, and record it

1emperature.
20.5.3 Place the mmple container in the waler in the

vltrasonic bath (with the power turned off). Alier 60 g .
remove the glass container and record its temperature.

20.5.4 Place 100 mL of water (st appmumndy 20°C) in
another 200-mL glss sample container, and record m
lemperature.

20.5.5 Place the second sample container into the water in
the ultrasonic bath (with the power turned on). Afier 60 3,
remove the glass container and recond its temperature,

20.5.6 Calculate the rate of energy deposition into the
sample container using the following formula:

R-@HSx.x,xu : o
. I}

wheree
4.185 = Joules/cal,

R = cacrgy dcpo.mlan wam/mL,

= lempersture rise with the uhyasonic bath not oper-

e
" ating, °C,
’ - .!Empcmnn rise with the wltrasonic bath opcrzunx.

! = time in seconds, 60 s (20_5_1 and 20.5.5),
’ = specific heat of the ligquid in the glass sample
contaipes, 1.0 cal/g and
= density of the liquid in the glass sample coniper,
1.0 g/em?.
20.5.7 Adjust the opcnnng cooditioas of the bath so Lbal
the sate of coergy depasition is in the range of 0.08 10 0.)2
MW/m’ as defined by this procedure. -

21, Puddﬂ and Blas

21.1 Precirion—The precision of the procedure in this test
wethod is being determined using round robin daa from
participeting Jaboratories. '

212 Biay—Since there is oo accepted reference maierial
suitable for determiniog the bias of the procedure ip lhis e
method, bias bas not beea determined (se Specification

D 3670).
Norz 3—Round mbin daw is under devdopmesnt and will be
prexnxd as g rescasch eport

22. Keywords

22.] asbestos; mictovacuuming; setled dust; TEM
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APPENDIX
mmdltnn laformation)
X1. DUST SAMPLE ANALYSIS

CXLI See Figt XLI and X132 for the dust soalysis  worksheet and the TEM count sheet

; - DUST SAMPLE ANALYSIS |
Clant Acceierating Voltage:
) Sampls ID: Indicated Mag: xx
Job Numbear; Screen Mag: K
: Dat» Sampis Anafynd: - - Microscope: 1 3 5
Numbaer of Openings/Grids Counad: I Flter Type:
Grid Aczeptad, 60CX: Yeos No Flitar Sizs: .
hrar;l Ludlnq' . % Fiiter Pore Stze wm): _
Grd Boxx #1: Grid Opsning: 1) um om
. ' ' 2 s X - pm
T Analyst
Reviewer: Counting Rules: AHERA LEVELD
" Calculstion Data:
Effectivs Fllter Area In mm?> (EFA) -
Number of Grid Openings Coun;_od: (GO)
Avderage Grid Opening Ares In mm?* (GOA) <
Volume of sample Filtered In ml: W)
. Surface irea Sampled in cm* «6PL)

~ Number of Asbestos Structures Counted:”  (#STR)

* I t number of asbestos structures counted I8 lpss than or aqual o 4, enter 4 structures as the lim& of detaction hera.

FORMULA FOR CALCULATION OF ASBESTQOS STRUCTURES “DUST™ PER CM*

EFAX X 100 X #STR - (Asbestos Svucturas parcm?). -
GO X GOA X VX SPL -
N
& .
o " Results for Tolal Asbesios Structures:
) . (Structures per em?)
. Assults for Structurss > microns:
‘(Structures par cnd)
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Job. Number -
[Strucnrs | Grid# ’ Lnngth [ Width _Confirmation
[ 4 Sauars # | Type Structurs Mlcrons Microns [Morph.| SAED | EDS
A
| ]
[ ]
| ]
|
T —
: |
[ J ] T
-1 =
! l il
] .
— : i
7 B
‘Noh. Ksys to Abbreviations Used in Figure: _
Type: Structure: _ " Others: _
c = Chrysotie F =~ Fiber NSD = No Structurss Detected
AM =  Amosit® B = Bundha Morph = Morphobpy
CR »  Crocdole C = Cluster SAED = Sslscted Arsa Blectron Difraction
AC = Actnolte M = Matix - EDS = EnergyDispersiva X-Ray Splctnncapy .
™ = Tremolws . ER = Intar-Row Spacing
AN = Anthophyiite NP = NePansm
N = Non Asbestos :
AG X1.2 TEM Count Sness
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